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Disclaimers

The citation of trade names and aames of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
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PREFACE

This design plan describes the hermaphroditic connector plug
and bulkhead receptacle that is being developed for the
Center for Communications Systems, Multichannel Transmission

Division, CORADCOM, by ITT Electro-Optical Products Division

under contract DAAB07-78-C-2922.

This plan describes the recommended design for the develop-
ment of a suitable jewel ferrule connector for terminating

a ruggedized six-channel fiber optic cable for tactical

field use.

The design and development effort described herein was

subcontracted to ITT Cannon Electric Division under ITT EOPD

Interworks Agreement A10208.

Roanake, Virginia
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1.0
2.0
2.1
2.2
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SUMMARY:

The plan is to design a hermaphroditic connecter which will
terminate six (6) channel cable developed for this contract.
The connector and cable will be designed so that eight (8),
one~kilometer cable assemblies in tandem will transmit

signals without the use of repeaters. The cable plug shall

be hermaphroditic and the receptacle shall terminate six (6)
channel cable same as the plug. Both will be used in tactical
time division multiplex communications systems, OCperation
will be at selected wave lengths from 6,000 to 10,600 angstroms
for both analog and data transmission with data rates to 20
megabits per second, per kilometer. The cable will be manu-
factured in one(l) kilometer lengths and have a maximum
attenuation of 5dB per kilometer. The connector counling

loss goal is 1.0dB for plug to plug comnection and 1.5dB

for pfug to receptacle conmnections. Based on the critical
design review, held at ITT Camnon Electric in July of 1979,

a jewel/ferrule alignment concept will be used for the remain-
der of this contract. The capabilities of the jewel/ferrule
alignment concept will be covered in the background data
section of this plan. The connectors will be designed for use
in tactical field conditions and therefore be ruszged, easy to
couple and uncouple, be coated with a non-reflective finish
which is environment resistant, and sealed so that it will not
allow water to enter the connector or the cable end.

OBJECTIVES:

The design objective is to meet or exceed the requirements for
hermaphroditic cable plug and bulkhead mount receptacle as

stated in the Technical Guidelines, Ultra Low Loss Optical

Fiber Cable Assemblies, ITT-EOPD Interworks Agreement #A10208.

The design plan will address the requirements in the order listed.
Conformance to and deviation from the technical guidelines will
be addressed, in this design plan, on every requirement with
background data to support major design features.

FIELD REPAIR:

A connecror will be designed which is capable of assembly to

the cable by trained technicians in a depot or mobile repair
van. The design shall not require the use of molding or potting
techniques for accomplishing the assembly. Termination costs,
complexity, reliability, ease of assembly, and performance

will be considered. Ref: Cable Termination Procedure-para. 3.0

CABLE PREPARATION:

Relarence cable cerminacion procedure., paragranph 3.0

(L)
A-6




2.3

2.4

CASLE STRAIN RELIEF:

The connector design will contain a cable strain relief and
strength member clamp which will isolate the optical fibers
and connector termini from direct temsile, torsiomal, and
bending forces applied between the connector and cable. The
cable clamp will incorporate a taper fit clamn and ring which
will capture the kevlar strength member of the cable. The
inner clamp provides a radius about which the kevlar is dressed.
The outer ring fits over the inner to capture the kevlar.

This clamp has been tested with ITT-EOPD cable design III

and proved to hold more than the 181.44 kg (400 1bs)
required. The connector clamp nut will prevent loosening
from vibration, temperature extremes, or shock. Ref: figure
I-a; additional reference to the kevlar clamp may be found in
paragraph 4.2

The cable grip (fig. I-b) will provide resistance to cable
twist and forces which tend to push the cable towards the
interface of the connector. It clamps onto the jacket of

the cable as the slotted fingers are forced inward by the
tavered inside diametar of the nut. The closed diameter of
the finzers is controlled to prevent tosmuch or toelittle
clamping force by bottoming the nut against the clamp bushing.
The cable grip will be modified from previous designs so that
all clamping action will be performed prior to insertion into
the connector shell. This will simplify the assembly and
dis-assembly of the connector. The strain relief spring,

fig. I-c, will be designed to prevent cable damage when flex-
ure occures at the cab%z exit of the connector. "The svring
will be improved over previous designs to provide greater
resistance to bending. A chamber, fig. I-d, between the rear
of the terminus assembly and the end of the cable jacket will
be designed to allow movement of the jewel/ferrules rearward
during mating. The chamber will also allow for fiber pull
back when the tensile load is applied to the cable, as was
observed in previous cable retention tests. This "flex
chamber” will allow for relatively larze bend radius of

the moved fiber in order to reduce macro bend losses. Exact
length of the flex chamber will be determined from fiber flex
test data and overall comnector length consideratioms.
Reference: Background Nata, paragraph 4.2

MATING CHARACTERISTICS:

The mating faces of the conmector shall be optical with mini-
mal cross-talk between adjacent optical paths and coupling
loss between comnectors. The optical mating faces will be
suitably protected to prevent permanent degradation of Lizhcs
zransier between mating connectors as a result o regez:ad
macings and unmatings, exposure to moisture, water izrmersion,
dirt, dust, sand, salt spray, and temperature extremes. The
interface of the jewel/ferrules will be washable with water
or lens cleaning fluid. It shall not be readily excessible
to brushes, cotton tip applicators, cloths, probes, or other
cleaning devices which could scratch or chip the ends c¢Z :the
A-7
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fibers. 1In event foreign matter enters the guide sleeve of

the terminus, which cannot be washed cut, the connector can

and should be disassembled by a trained technician, fiber

ends cleaned and inspected for damage and then reassembled.
Because of the size and position of the male and female sleeves
in the connector, only extreme misuse would cause this con-
dizion. The interface is scoop proof and the termini are

protected by the snell.

2.4.1 Connector Plug, Hermaphroditic:

The connector mating face, and positive locking
coupling device will be complerely hermaphroditic

to permit termination of both ends of the cable

with identical connectors. The coupling device

will turn with respect to the commector shell.

The coupling mechanism will be one-quarter(})

turn ramp coupling nut and anti-vibration posi-

tive clicking device incorporated with it. (fig. I-e)
The coupling mechanism is currently being used in
another military comnector manufactured by ITIT

Cannon Electric.

2.4.2 Bulkhead Receptacle Desisn Objectives:

The mating characteristic of the mated bulkhead
receptacle will be essentially the same as stated
for the cable plug with exception that the coupling
device will not be free turning with respect to the
connector shell. The receptacle shall have a bulk-
head, D-hole type mounting with jam nut, lock washer
and "0" ring panel seal. The receptacle will nmount
in a maximum .0N64 meter (.250 inch) thick panel.
The bulkhead receptacle will terminate same cable

as the cable plug. This configuration is not reguired
by the technical guide lines but makes environmental
testing easier to accomplish. The fibers therefore
will not be individually removable. The design does
allow for "pigtail" fiber termination with exchange
of cable clamp hardware for a larger opening clamp
nut and sleeve. WNo moisture seal would be included
in cthe "pigtail" fiber termination version.

MATERIALS AND FINISHES:

The material and finishes for plug and receptacle will be as
follows:




2.5.1

2.5.

[ 8]

Shell Hardware:

Aluminum with cadmium over nickel plating.
6000 series aluminum was chosen based on

its high corrosion resistance, good strength
which can be increased by heat treatment,
easy formability and machinability, and
availability. The finish, cadmium .0004
minimum thick over electroless nickel .0003
minimum thick, was chosen for corrosion
resistance. This is the same finish which
is used on military connectors made by
Cannon Electric and has proven to exceed

the 48 hr. salt spray requirement of the
technical guide lines. An olive drab chromate
finish over the cadmium makes the connector
suitable for military field use.

Terminus Components:

("Clicker" hardware, spacer post, and strain
relief string): Corrosion Resistant Steel,
Passivated. 300 series corrosion resistant
steel was chosen for strength and corrosion
resistance -in an unplated state. The terminus
design requires very tight tolerance and sees
a frictional force during the mating and un-
mating. A plated surface would exhibit high
wear and possible flaking to contaminate the
interface of the fibers. 'Clicker" hardware
sees very high forces during mating and would
effect performance after the required 1,000
cycles durability and 48 hrs. salt spray.

The spacer post may be changed after aluminum
stress analysis is performed on the assembly.
The strain relief spring is easily formed wich
corrosion resistant steel wire and has oroven,
on previous design, to bde functional.

Grommet and "O" Rings-Silicone Rubber:

Chosen for its large range of service temperature
particularly the low temperature raquirement of
-37° C., silicone rubber also provides very

good sealing proverities in static seals such

as is found in this design. The 40 durometer
silicone rubber used in the grommet provides

a seal which also does not restwic: the alizmren:
of the terminus slzaeves.

A-9
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2.5.4 Cable Grip:

Beryllium copper with cadmium over nickel
plating,heat treated to spring temver.
Chosen for ease of manufacture in the half
hard state, and spring quality in the heat
treated state. The cable grip sees limited
wear and therefore plating does not cause
functional problems.

2.5.5 Lock Washer - Internal Tooth:

Phosphor bronze with cadmium plating.

Chosen because of availability and proven use.
Phosphor bronze has spring qualities when cold
worked and is highly resistive to corrosion
from salt spray. Cadmium adds to this corrosion
resistance.

2.5.6 Jewel/Ferrule - Ruby or Saphire:

Chosen as a bearing interface material which

is manufactured to very tight tolerances both

in size and <oncentricity. Jewels are purchased
in various inside diameters so that by select-
ing the size hole which closely matches the
fiber diameter the concentricity between fiber
and ferrule can be maintained,.

2.5.7 Epoxy:
The present epoxy being used to terminate
jewel/ferrule is Enotek ##331, but it is
planned to trypowdered epoxy pellets to
improve the termination process.

CABLE TERMINATION PROCEDURE:

Cable termination for this connector is a relatively simple
orocess. The facet that tends to complicate it lies in the
fact that all six (6) fibers must be terminated the same length,
and therefore one imperfect termination makes it necessarv to
re-terminate the others. Service loovs in this Ziber causes
bend radiation loss which is reported in section 4.2

The basic cable termination procedure will €follow these steps:

-

z2m 1l: Ilentify hardware and inscect Zor zeneral condizicia
and quantities.

tn

Step 2: Clean outer jacket of the cable up to two (2) meters
from the square cut end.

Step 3: Assemble the hardware onto the cable in the following
order. A-10
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Clamp nut, strain relief spring and clamp backplate
assembly, large and small "0" rings, flat washer,
cable grip and clamp assembly, and spacer assembly.
Push all this hardware down the cable and tape in
place one and one-half(l%) meters from the end to
keep it out of the way.

Step &: Trim back outer polyurethane jacket kevlar strength
member and polyurethane inner jacket a predetermined
length exposing the six (6) buffered fibers and a
center spacer the same size as the buffered fibers.
Cut back the center spacer and make sure all fibers
are the same length.

Step 5: Terminate one fiber complete at a time. Assemble the
terminus rear body and spring omto the buffered fiber
and tape them back away from the end. Strip buffer
from fiber, clean the exposed fiber,assemble a
ferrule(with the smallest jewel which will £it) on
the fiber and epoxy in place. Grind, polish, and
inspect end of £iber. Ref: sectiom 5.0

Step 6: Assemble ferrule "0" ring on to ferrule and sleeve
over assembly to protect end face of fiber.

Step 7: Terminate all six fibers the same as steps 5 and 6.

Step 8: Measure from back of terminus to jacket and mark.
Trim outer polyurethane jacket back to expose the
kevlar strength member of the cable. (Note: Take
care not to cut the kevlar as this effects the ultimate
strength of the assembly.)

Step 9: Untave the clamp hardware from the jacket and bring
the spacer assembly and cable e¢rip and clamp assembly
up towards the termini. The kevlar must be brought
back of the clamp ring portion of the spacer assembly
and dressed around the kevlar clamp. DPress the clamp
and ring together lightly and insure even distribution
of kevlar around the clamp.

Step 10: Assemble termini into backplate slots arrancing male
and female sleeves into their orover positions. Siice
terminus collar over the front of the termini then
assemble the connector grommet over all termini.

Szep 1ll: Re-check position of dressed xeviar s:trands =hen =csi-izn
the caple im ralaticn 0 zhe stacar assemble so zhasz
the proper service bend exists. Press kevlar clamp ancd
ring together. Using standard wrenches, tighten cable
grip onto cable making sure no slack exists in the
exposed kevlar. The hex-nut should be bottomed against
the kevlar clamp.

A-11
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Bring remaining hardware up to cable grip hex-nut
and slide the assembly into the connector shell.
Keys in the shell will align the terminus backplate
and hold the clamp backplate when the clamp nut is
tightened.

Step 12:

Inspect cable interface to assure terminus orientation

Step 13: _ca ;
and position. Tighten clamp nut.

+

Termination procedure of jewel/ferrule is described in
detail in section 5.2

BACKGROUND DATA SUMMARY:

This connector is being designed by taking the results of

tests, conducted on other comnectors and cable, and applying

the knowledge zained to its best application. The present
program follows many others dealing with fiber optic comnectors
and fiber optic cable. The data following reflects this history.

JEWEL/FERRULE ALIGNMENT CONCEPT:

The cable chosen for this pragram is a six-channel fiber optic
cable. Each fiber is a graded index glass fiber with the
following dimensioms:

Buffer diameter
Fiber diameter
Core diameter

1 mm
125 + 57 pm
50 um

Mumerical aperture >.25

The jewel/ferrule alignment concept aligns the core of the mating
fibers and brings the polished faces extremely close without
touching. Since the glass is brittle, butting ends could shatrter
during shock or vibration to the connector. When the fiber end
is polished during the termination process, the zlass fiber is
erroded away faster than the jewel bearing which surrounds it
leaving the fiber just below the jewel face. The jewel then
acts as a bearing surface for the load created by the terminus
spring which forces the fiber forward to insure the proximity
of the ends. This system results in extremely low gap loss,
typically less than .2dB. The exact loss depends on the amount
of polishing it receives. Angular loss is the second alignment

L The jewel/ferrule alisnment conceot SuUDDOTrss one

= A

grrzle 2.2%%mm =in. (L3790 iach) win. and the cther 7.337mm
(.3.3 inch) minimum within che male guide sleeve. Wicth a maxi-

mum gap, between ferrule and sleeve, of .010mm (.J004 inch) che
result maximum angular cis-alignment is less than one eigth(l/2)
cf one degree (£ 1/8°) a angular loss of less than .05dB.

A-12
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i’ Tresnel loss is inherent in all £iber comnectioms which Jo ne:

Lateral mis-alignment accounts for the largest percentage of
loss in the jewel/ferrule concept. The variation in size of
the fiber does not allow using one jewel hole diameter and

cost of purchasing jewels in one micron increments is not
practical on a production basis, therefore the figures listed
below reflect maximum gap between fiber and jewel with jewels
sized in five (5) micron increments. The other figures are
based upon standard jewel/ferrule component tolerances of parts
being used by ITT Cannon Electric at the present time.

Max. jewel hole to fiber 0.D. gap 5 pm
Jewel I.D. to 0.D. T.I.R. 3 pm
Ferrule I.D. to 0.D. T.I.R 10 pm

Ferrule 0.D. to male guide sleeve gap 10 ;m

28 ym
Statistically the most probable excentricity is L:
5
L= [52+32+102+102]% 153 m

This corresponds to a fiber core displacement of 317 and a

lateral alignment loss of 2.1dB. * The total extrinsic
}oss of the comnection using the jewel/ferrule alignment concept
18: g
Gap Loss £ .20
Angular Loss £ .05
Laterial mis- 2.10
alignment loss
%% Fresnel Loss .30
£2.65

* Improved performance is possible thru closer jewel fiber
sizing and improvement of ferrule and guide sleeve manufacturing
tolerances. As part of this program, Cannon Electric will
investigate manufacturing processes which will lessen the
lateral misalignment losses.

use an index matching liquid or anti-reflec:ion coatiang on tle
fiber ends and are not used in this design.

A-13
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(Cont'd)

4.1

4.2

Conclusion:

Less than 1dB as a goal for the jewel/ferrule alignment comcept
is not practical but less than 2dB is.

FLEY CHAMBER DATA:

The connector flex chamber design is based upon testing done at
the start of this program and testing done as part of other
prowrams The following quotes are from the final technical
report, "Connectors for Optical Fiber TDM Cables', R&D Technical
Report-ECOM DAA7-76-1357-1,

"4.3.3) FIBER BEND RADTATION LOSS EVALUATION

The need to determine the attenuation as light propagates through
a curved fiber is due to the connector functional design!

" As two connectors are mated, a means must be
provided to accumulate the varying manufacturing dimensiomal
tolerances of the mating components. Two basic design require-
ments coexist: 1) the mating fibers must abutt each other witch
minioum separation and, therefore, must be spring loaded to
accummulate mating hardware tolerances (shells, coupling auts)
and 2) the cable strength member (Xevlar strands)must be clamped
at the rear of the connector.— Since the cable cannot move rela-
tive to the connector body (due te clamping of the Xevlar),
and the ferrules compress their springs upon mating; the fiber
between the rear of the ferrule and the Revlar clamp vosicion
must be allowed to flex. This portion of the connector is refer-
red to as the flexure chamber." (Refer to section 5.0 fie. I-d
for drawings of the flexure chamber).

"As the project progressed, it was recognized that considerable
attenuation was caused by the flexure chamber concept. The
design of the six-channel connector's flex chamber (it's length)
was based upon testing a sample ITT fiber, early in the projec:.
This turned out to be in error due to variations in numerical
aperture of subsequent Zfibers. The attuation is a function of
the N.A. as well as the bend radius. The curves of fig. ten &
eleven (ll) represent the significant data empirically produced
with 55/125um ITT fiber. The flex chamber length can be deter-
mined through use of this data and budgeting of the allowable
extrinsic coupling loss."

" The coordination was accomplished and ITT cable design III was
tested for retention. The cable strength member was terminated
to an actual six-channel connector; the ferr:les were omitted
and the Ziters wers allowed o 2:zand throush the conmniziow,
exposing tnen. Tne shelil of the ccnnmecIor &35 machlined o
provide windows to view the kevlar clamp and fibers during the
test. Standard tension testing equipment and techniques were
employed. The termination design met specification by holding
at 400 pounds.

A-14
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"The load was increased in 100 pounds increments; fiber movement
was noticed. The cable stretches under load (kevlar is rated

ar 1% elongation at 500 pounds) causing the fibers to unwind
from their helically wrapped position. The fibers moved aft
within the comnector 0.075 inch at 400 pounds as the cable
stretched behind the connector. Because of this movement, it
was decided to provide a fiber service length of 0.200 inch
within the flex chamber to preclude the ferrules from being

pulled upon and separating.’

A-15
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VISUALIZATION DATA:

FIGURE I
FIGURE II
FIGURE III

CONNECTOR PLUG, HEPMAPHRODITIC
CONNECTOR PLUG, BULKHEAD RECEPTACLE
TERMINUS ASSEMBLY
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SHELL PLUG

COUPLING NUT

CLAMP NUT

GROMMET

BACXPLATE, TZRMINTS
PIN, SPACER (3x)
CLAMP SLEEVE

KEVLAR CLAMP

WASHER

CABLE GRIP HEX NUT
CLAMP BACKPLATE
STRAIN RELIEF SPRING
RING, CLICKER RETAINER
TERMINUS COLLAR
CABLE GRIP

O0-RING, CABLE

O-RING, SHELL

JASHER, LOCKING CLICKZR
SPRING, WAVE

MALE TERMINUS
p/n 045-9506-001

FEMALE TERMINUS
PEEREES R LR

ITEM

O 00 ~ O Ut B W NP

el i e e~
v e LN~ o

16
17
18
19
20

21




PARTS LIST
TCR: ~.271-0603
RECZ2TACLE

SHELL, RECEPTACLE
GROMMET

BACKPLATE, TERMINUS
2IN, SPACER {3x)
CLAMP SLEEVE
TZVLAR CLAMP
WASHER

CABLE GRIP HEX NUT
CLAMP BACKPLATE
STRAIN RELIEF SPRING
NUT, HEX JAM
TERMINUS COLLAR
CABLE GRI?

CLAMP NUT

0-RING, CABLE #2-107
0-RING, SHELL #2-119

0-RING, ¥IG  #2-138
LOCKWASHER #1954-00

MALE TIRMINUS
p/n 045-9506-001

FEMALE TERMINUS
p/n 045-9505-001
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243TS LIST
TOR: 045-0506-001
’ j TERMINUS ASSEMBLY, warsz

SLEEVE, MALZ

) BODY, REAR

] O-RING #2-003

) < SPRING ' -
‘ ‘ JEWEL/FERRULZ ASSEMBLY

A-22




e et
[

PARTS LIST
FCR: 045-9503-001
TZRMINUS ASSEMBLY, FZMALE

SLZEVE, FEMALE

BODY , REAR

0-RING #2-003

SPRING

JEWEL/FERRULE ASSEMBLY
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SEWEL/FERRULE TERMINATION INSTRUCTTIONS

The following sheets contain the jewel/Zerrule
termination procedures for the three (3) series
of comnectors producad by ITT Cannon Electric
(FOT, FOS, FON). The nrocedure for teraination
of the jewel/ferrules for chis project will be
similar.




PO

ASSEMBLY OF FERRULES ON SINGLE FIBERS

XiTS:
Jescription Part Numper
FOT Termination Kit 320-70CS-000
€08 Termination Kit 320-7C08-000
FON Terminaton it 122-7014-000
MATERIALS:
Description Part Number FOT FOS FON
Adhesive. Sooxy, 370-0006-97% X X X
Fiberpotting
Cleaner (Acatone Nat Supptied
and Freon)
Kim Nipes Not Sucptied
Q-Tips Not Supplied

Spare Parts Kit, FCT 320-7012-000 X

Spare Pans Kit. F0S 220-70%1-0C0 X
Spare Pans Kit, FCN 320-7015-000 X
SCUIPMENT:
Deecription Part Number
Stripger. Fiber 380-0005-548 X X X

Butter(0.0107)
Blus Handle For

amm. Sutfer
Stnpper, Fiber 380-0005-549 X X X
Bufferi0.0167
‘White Mandle for
1 mm, 3uffer ‘
Blades, Razor, 980-0005-547 X X X
Single Edge
Gun, Heat, 475 9950001988 X X X
Watts (11GVAC,
80 M2
Tool, Epoxy, 274-7058-000 X X X
{nsertion
Botties, Drop 380-0005-550 X X X
Dispenser
Fixture, FOS 111278-0000 X
Alignment
Toa, Strain *17-1%84.000 X
Reiliet
Micrometer, Not Suppiied
Meter
CABSLE DESCRIPTION:
INNER STRENGTH
JACKET '{ MEMBER
FIBER,
CORES&
CLADDING
JACKET BUFFER
FIGURE «,

3CCSTURE:

1) Strength member cadie termination — using razor bdiade.
remove outer and inner jacket of the cable. Do not nick
strength member. For the FOS connector, 8 minimum of 27 ot
unstripped fiber must project from the cable clamp member.

CAUTION: insure that ail necessary components are installed
aon the cable prior ta strength member termination. Unitormity
drees oack :he s member over the strain rellel, ana in-

stall the clamp ring, using strain relief too! (P/N 317.1864-000). A=25

See Figure 1 42,

TT e aserae

N
Tomede v emaroma tuismeed cn8 (LGSR 2eMRMMres

STRAIN
IELIEF N CLAMP
T AaING
4 JNSTRIPPED
4 FIBER
o :
2 ;
/’ \
AL STRENGTH
- CUTER YMEMBER
vACKET \
N\ TRIM STRENGTH MEMBER
SLUSH 'MITH RAZOR B8LAOE

FIGURE 2

2) Fiber Preparation — Suifer removals accompiisned Sy using
the stripper. fiber buffer (P/N 380-0005-548 or 980-0005-549.)
Sufter stnp lengths for single fiber connectors are as oliows:

ITT/Cannon Strip
Connector Owg. No. Langth ( +0.030)
FQT (ptug ana 111089-0000 1R
recsptacie)
FOS-5 olug 1172Y T8
FQS§-2 short 111110-0004 14
receptacie
FQS-0 long 1173Y 718°
recaptacle
FON-FJ 1112010001 718

3) Oil removal — removae the silicone il from the stripped fiber
by dipping it in acetons, wioe it clean with Kim Wipes. Care
shouid be taken (from this step on) not t0 break the exposed
fiber.

4) Fiber measuremant — measure the fiber dlameter in mi-
crons with a metnc micrometer.

§) Ferruie selsction — seiect a jeweled ferrule whose graded
inside diameter is as ciose !0 the fiber diameter as possibie.
The closer the fit. the better the performance. The following
tabuiation corretates ferruie Part No.'s with connector types:

Connector Ferrule Part No.

FOT-F-1 070-0037-XXX

FQT-F-2 070-0034-XXX

FOS-F 070-00358-XXX

FON-FJ 070-0038-XXX o~

NOTE: XXX denotes jewei inside diameter in microns.

NOTE: The support siseve (P/N 282-1251-000) is used inside
the FOT-F-1 ferruies for 4 mm butfered fiber. (See Fig.
1)) install the support sieeve, projecting approximatety
.280 in from the ferruie shouider, prior t0 the jewel-

fefruie final assemoly,
SUPPORT SLEEVE
{P /N 252-12%1.000) ~
—
- . //
:\’/ ~o T3ER
A
Y
\."
\\ MENISCUS ARCUND FIBER
~ BARE FIBER
13
SIGURE J.
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GRINDING AND POLISHING PROCEDURE
FOR SINGLE FIBER TERMINATION

XITS:
Description Part Number
0T Termination Kit 320-7009-000
FQS Termination Kit 320-7008-0C0
FCN Termination Kit 320-7014-000
MATERIALS:
Deacription Part Number FOT FOS FON

Suspension, Polisning, 380-0005-544 b4 X X
Alumina 1.0 Micron
(Linde C, 5 1. 02.)

Suspension, 2olismng,
Alumina .CS Micron
(Linde 8,8 F1. 0z2.)

aotz)tlo. Crop Disoenser

2980-0008-545 X X X

980-CC08-550 X X X

Fluid, Lens Cleanming 370-00068-984 X X X

(1 Fl.oz.)

Xim Wipes Not Supplied

EQUIPMENT:

Brush, Cleaning 980-0005-574 X X X

Disk, Abrasive 395-0001-990 X X X

Fixture, Potishing FOT 111258-0000 X

Fixture, Polisiing FCS 1112%9-0000 X

Fixture, Polisning FCN 111296-000 X

Cloth, Polisting 380-0005-548 X X X
Texmet

Block, Laoping Base —  317-1581000 X X X
8

Block, Lapping Base — 317-1562:000 X X X
c

Cutter, Glass Fiber 317-1563-000 X X X
(Alumina)

Microscope, 200X 995-0001-993 Optional

NQTE: The following procedure applies to stepped and graded
index silica core fibers.

PROCEDURE:

1) Cleaving — Carefuily scribe the fiber projecting from the
face of the spoxied and cured ferrule with the glass fiber cutter
{P/N 317-1583-000), See Figure 1 for location of the scribe mark,
Break the fiber gently by applying a light forcs at the snd of
the tiber, see Figure 1.

SCRIBE FIBER
HERE
/\\ % ALUMINA CHIP USED
FOR SCRIBING FIBER
BREAK FIBER GENTLY
FERAULE DETAIL A" 8Y APPLYING
EPOXY FORCE AS SHOWN
. AFTERSCAIBING
/f‘:}_-o
L -
. \
FERRULE -~ ~ SEEDETAIL A’
T “maung 1.

2) Cleaved fiber sxamination — backiight the opposite end of
the fiber and otserve the clesved fiber using 200X magmtics-
“on. 'f *1@ a0Cxy NG 'ewet ‘s Hlumirsted N 3oaltares e
‘ne riber 22re 4 37ICKEQ SANING ma @,
Qiace (he lefruie oef the assempiy Of [errules cn singie "iDers
procedure. If the light is not scattered bening the jewel and
the fiber end is not perfectly round, but is cracked, then 8 sur-

seA camean g ma g

~— face flaw is indicated, which can be remaved by grinding and

potishing.

3) Reintorce the cleaved end = apply & small bead of epoxy
_the fiber a8 shown in Figure 2. Cure
the acoxy as exolsined in the assemdly of ferruies procedure.

—

A-26

‘ i l" |' VAU L2V AIL

¢ Tk 3 AR, GOSN B BIMAM SEReten

ORIGINAL
L, EPOXEY MENISCUS

NEW 3EAD
OF ZPOXEY

FIGURE 2.

4 Grinding — Instail :he ferrute in the aopropriate pallsning
fixture: ®/N 1112%8-0000 for FOT, P/N 1112%9-0C00 tor FOS, ana
P/N 111298-0000 for FON. NOTE: For the FCS-2 ferrule; use the
spare yokes (P/N 231-3500-001) and end cap (P/N 025-3552-000)
to aaaot the ‘erruie 0 the polishing fixture, Position the fer-
rules per Figures 3 & 4.

FON FOT FERRULE RETAINER

USE TO GET
PROPER PROJECTION

| 4
FON/FOT END CAP

015" - 028"
PROJECTION ——ammp—

FIGURE 3.

a157. 028"
PROJECTION

FOS FERRULE
POLISHING

YOKE AXTURE  \

ASSEMBLY

S

FOS END CAP
(USETO GET
PROPER PROJECTION)

FIGURE 4.

1f the tacs of the fiber 1s not perfectty round or is cracked, gnnd
the ferruie using light, normal pressure on the sbrasive disk
(PIN 986-0001-900) as shown in Figure 5. Make sure the adbra-
sive disk is on a fiat, solia surtace. Use cutter during the grina-
ing process. When a round and crack-free fult core is obtained,
graduaily proceed to gring tne feruies in the patterns shown
in Figure 8, untii the fiber is tiugh with the surtace of the jewel.

if the core cbeerved in Step 2 is round and free of cracks. grind
the ferruies on the abrasive diek per the pattem shown in
Figure 8, until the fber s flush with the surface of the jewel,
or stigitly concave.

ABRASIVE
L — P i
s -

- SUAFACE
~ 1 DIRECTION OF GRAINDING AXIS

| SHOULD COINCIDE WITH THE
DIRECTION QF THE CRACK
JSSERVED IN THE CONE OF
THE NSER

Faunt s,
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1.0 INTRODUCTION

This test procedure descrines tast methods and equipment for
evaluating the performance of six-channel, single-fiber optical
cable plugs and bulkhead receptacles under environmental and
mechanical exposures tyvical of military tactical field applica-
tions. This procedure covers the connector evalﬁaﬁion section,

paragrapn 3.2.5, of "Technical Guidelines for Ultra Low Loss Opti-

cal Piber Assemblies.”

(1213 1
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2.0 APPLICABLE DOCUMENTS
The following spacifications and documents form a part of this
procedure to the extent specified:

a. MIL-STD-202E, Notice 5, dated 4 October 1978, Test
Methods for %Zlectronic and Electrical Component

Parts

b. MIL-C-45662A, dated 9 February 1962, Calibration
System Requirements

C. MIL-STD-1344A, dated 1 September 1977, Test Methods
for Electrical Connectors

21219
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3.0 TEST SAMPLE DESCRIPTION

Six cable piugs and six bulkhead receptacles will be supplied for
test., The plugs and receptacles will be paired and assigned sam-
ple numbers 1 through 6 for identification and for determining the
appropriate test sequence. After assembly, each connector half
will have 10 m of optical cable to enable the connectors to be
installed inside test chambers without disturbing the connections
to the optical tast apparatus. The input and output ends of the
cable will bde cladding mode stripved. The input end will be per-

manently attached to the optical power transmitter.

11219 3
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4.0 GENERAL REQUIREMENTS

4.1 <cCalibration of Test Equipment

All test equipment to be used in the performance of these tests
will be calibrated in accordance with MIL-C-45662A. Each item of
test equipment will bear a calibration label reflecting the
instrument control number, the date of the last calibration, and
the date the instrument is next due for calibration. Equipment

calibration procedures will be maintained on file in the calibra-

tion laboratorv.

4.2 Test Equipment Tolerances

Unless otherwise specified, the test equipment will be capable of

indicating and controlling test conditions within the following

tolerances:
a. Temperature 2°C
b. Force 2%
¢c. Ootical power ratio 0.1 dB
d. Torque 2%

4.3 Test Conditions

Unless otherwise spvecified, all tests requirasd by this procedure

will be performed under the following environmental conditions:

a. Temperature 15°C to 35°C
5. Relative humidity 30 to 30%
C. Rarometric pressure 94 o 108 k>Pa
11219 4
A=-33
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4.4 Action in the Event of Failure

In the event that a specimen fails a test requirement specifi=d
herein, testing will be stopped if it is considered that comple-
tion of the test or succeeding tests will mask the cause of
failure. ITT Electro-Optical Products Division (EOPD) will be

notified of the problem in writing.

4.5 Documentation
A formal test report, including test data sheets, will be fur-
nished at the completion of testing. All variable test data will
be recorded. As a minimum, the report will include:

a. Title page

b. Table of contents

¢. Purpose

4. Conclusions

e. Refarences

£. List of test equipment

g. Laboratory data sheets

4.5.1 Recorded Data
All measurements will be recorded to as many significant digits as
are meaningful under the accuracy limits of the test equipment

used. All data will be recorded on aporovriate data sheets.

The ambient test conditions (:temperature, relative humidi:v, and

barometric pressure) and the date will be recorded on the data

11219 5
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form., 1If a data sheet covers measurements performed on more than

1 day, the ambient conditions and date for each day covered will

be included on the data sheet.

Only original laboratory test data or a direct image thereof will
be submitted as the final test document. Data sheets will not be
rewritten. In the case of errors accidentally recorded on the
data forms, the erronecus data will be lined out by a single line.
The corrected information will be inserted, and the correction

will be initialed by the technician making the change.

Test data will include, whenever applicable, the following
details:
a. Diagrams, sketches, or photographs of each test setup
b. Electrical hookups which are peculiar to the test
oroqram or which might prevent duplicaticn of the
test method or results if not supplied
¢. The orientation of samples to the direction of force
imparted during any physical ta2st such as flex or
twist

d., Any fixturing used for mounting the test samples for
any of the tests covered herein

e. A detailed explanation of how the test was performed

£. All data recorded during performance of the test

L1211 5
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4.6 Disposition of Test Samples

Upon completion of the testing required herein, the test samples
will be individually bagged along with suitable identification of
the test sample number and the laboratory project number and

shipped to ITT EOPD.

L12) )
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5.0 TEST SEQUENCE

The test samples described in Section 3.0 will be subjected to the

tasts listed in Tables 5.0-1 and 5.0-2 according to the sample
number assigned at the time of submission. The individual test

samples will be tested in the sequence of the numbers listed in

the column under that sample number,

A-37




Table 5.0-1, Test Segquence.*

Sample Numbers

Test Name Para 1 2 3 4
Examination 6.1 1.4, 1,4, 1,4, 1,4,
7,10 7 7,10 7
Coupling loss 6.2 2,5, 2,5, 2,5, 2,5,
8,11 8 8,11 8
Mating durabili«y 6.4 3 3 3 3
Immersion 6.6 € - 6 -
Cable retention 6.9 9 6 - -
Flex life 6.10 - - 9 -
Twise 6.11 - - - 5
Crosstalk 6.12 12 9 - -

*Each connector pair has a unique test saquence, i.e.
ber 5 will undergo the £ollowing seqguence of tests:
coupling loss, twist, examination, ané coupling loss.

112y 3
A-38
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Test Name
Examination
Coupling loss
Mating durability
Immersion
Cable retention
Plex life
Twist

Crosstalk

L1213

Summarv of Quantity of Tests.

Sample
Numbers

all
all
1,2,3,4

1,3

13
A-139

Regetitions

18 (6
18 (%
4 (4
2 (2
2 (2
2 (2
2 (2
2 (2

connectors)
connectors)
connectors)
connectors)
connectors)
connectors)
connectors)

connactors)
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6.0 TEST METHODS AND REQUIREMENTS

This section of the test procedure defines the equizment and
method for performing each of the tests svecified in Sectioen 5.0,

Test Sequence. Fach sample has its own unique test sequence as

illustrated in Table 5.0-1.

8.1 Examination Test
The examination test is performed to determine what effects the
mechanical or environmental tests may have had on connector com-
ponents. This test is limited to visual indications of physical
deterioration which can te observed without disassembly of the
connectors. Unmating of the counterpart connector halves is not

considered disassembly.

6.1.1 References

Refer to paragraph 3.2.5.2 of "Technical Guidelines for Ultra Low

Loss Optiecal Fiber Assemblies.”

5.1.,2 Test Rquipment

The test equipment will include a aicroscope capable of 5 X magni-

€ication.

5.1.3 Test Method

Jpon initial submission ta the test laboratory, all taest samoles

#ill be accompanied by a certification of -ompliance from fiber

11
A-40
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optic Quality Control that the materials, finishes, dimensions,
and workmanship meet the requirements of the apnlicable Hughes

drawings.
Whenever the examination test is specified in the test sequence,
the test laboratory will examine the test samples under S5 X magni-~

fication for evidence of damage, vhysical deterioration, or any

other condition which might have an 2f£fact on subsequent connector

performance. The counterpart connector aalves will be unmated to
allow examination of the interface araa of each connector half.
Particular attention will be paid to the condition of the engaging
ends of the fiber optic elements. The mating surfaces of the ele-

ments may be cleaned if the examination indicates the presence of

dirt or other foreign material.

6.1.4 Test Data
The initial examination data sheet will indicate that the proper

certification of commliance has been raceivad for each test sample

submitted for test.

All examination data sheets will include a written record of the
condition of each test sample at the time of examination. This
record shall also indicate whether clean.ng of the mating surfaces

of the connectors was required or performed.

1121 12
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6.1.5 Requir2ments

All test samples will be accompanied by tne aporopriate certifi-
cate of compliance showing pretest inspection acceptance by fiber
owtic Quality Control. All evidence of damage, vhysical deterio-
ration, or other condizions which might affect the connector per-

formance will be noted and recorded in the test data.

5.2 Coupling Loss

The term "coupling loss" is used in two contexts in this test sro-
cedyre. In its first context, coupling loss is the measurement of
the insertion loss of a mated connector pair. Insertion loss i3
the ratio of the optical nower through a continuous length of
optical fiber to the optical power through the same fiber afzer a
connector has been installed. The insertion loss test may be cer-
formed only once on a given fiber because i: requires a continuous

length of fiber at the start.

In its second context, cournling loss is a measurement of the
effacts of mechanical or environmental stiresses on the optical
interconnection., This measurement is an extension of the inser-
tion loss measurement. It is expressed as the ratic of the ooti=-
cal power through a continuous length of octical fiber £o the
ovtical power tihrough the same firer after a connector has been
installed and the connector has undergone mechanical or environ-

mental stress. The distinctinn between :ais measurement and =he

1124 13
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insertion loss measurement is time. Both utilize the same initial
optical power reading for the unsut fiver, but in the second con-~
text a significant periocd of time has elapsed between the initial

uncut reading and the final inserted and conditioned reading.

Each coupling loss test setup consists of test fibers and one or
more reference fihers permanently positioned in the output field
of an optical transmitter, Test fibers will eventually be cut for
installation of the test connector while reference fibers remain
uncut for the duration of the test program. The reference fivers
are included to monitor the ocutput of the optical transmitter and
orovide a basis for compensating any changes which may occur in
the transmitter power. All optical power readings are expressed

as a ratio in decibels of the test fiber to the reference fiber.

The coupling loss measurement can be thought of as occurring in
two phases. During the first phase, cable characterization, the
uncut cable and reference fibers are installed on the transmitter
for a series of optical power measurements to establish the ini-
tial power ratio for each fiber in the cable to the reference

fiber. These values form “he basis for all subsequent coupling

loss readings.

“hen the characterization has neen completed, the cable will ne

cut and a mating pair <f connectors will ne installed rejoining

11212 14
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the original fibers. A new set of optical power ratios can now be

measured to determine the couonling leoss for each fiber. The cou-

pling loss will be the difference between the current power ratio

for a given fiber and the power ratio obtained during the charac-

terization phase.

Thus,

Loss (43) = current nower ratio (d4dB)

- initial power ratio (d4B) (86=1)

§.2.1 References
Refer to paraqraph 3.2.5.1.1 of "Technical Guidelines for Ultra

Low Loss Optical Fiber Assemblies.”

6.2.2 Test Zgquipment

The test equipment will include items required v Hughes to per-

form tests.

56.2.3 Test Met! .d
§.2.3.1 Cable Prevaration
Prevcare a 20 m length of optical cable supnlied bv ITT ECPD for

each test samole using aporopriate Hughes odreparation techniques.

Prevare one cable for each of the six mated connector %airs in the

test program. OPrepare one additional cable to be used as a cable

control sample during subseguent htests.

1.210) 15
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§.2.3.2 Cable Characterization
Connect the optical transmitter to a dc power source capable of

supplying 300 mA at 12 to 15 V. Allow sufficient time for the

transmitter to warnm up before proceeding with any measurements.
Tag or color-code each fiber at the end opposite the transmitter.

This identification will be used throughout the remainder of the

test program.

Install the reference fiber at the reference port of the optical

power metar. Install one of the test fibers at the signal portz of

The meter will display the ratio
Record the value dis-

the meter. in decibels bhetween

the test fiber and the raference fiber.

olayed and move on to the next fiber. This measurement should be

r2peated for each fiber in the cable with respect to each of the

refarence fibers.

This entire process should be repeated periodically over a period

0of 24 to 48 h to determine if there are any fluctuations with

respect to time in the fiber power ratios. The mean value of the

iwitial optical power ratio for each test fiber will de used for

11l subsequen* coupling loss measurements. 3e sure that 2ll mea-

Surements are scable and that there are no loose connections at

v

he ontical trainsmitter.

After chavacterization, the cable will be cut at the midpoint taxk-

ing care to maintain individual fiber identification in the two

L2t 16
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sections of cable. The plug and receptacle test connectors will
he assambled con.o the cable using the assaembly procedures speci-
fied by Hughes. wWhen the connectors are assembled and coupled,
the original fibers should be in counterpart terminals in the plug

and receptacle,

$.2.3.3 <Coupling Loss

Connect the optical transmitter to a dc power source capable of
delivering 300 mA at 12 to 15 V. Allow sufficient time for the
transmitter to warm up to operating temperature hefore proceeding
with any measurements. Connect the reference fiber to the refer-
ence port of the optical multimeter. Connect a test fiber to the
signal gort of the multimeter. Record the current power ratio
(CPR) indicated by the multimeter. Repeat this process for each
of the test fibers in the cable. Measure the current power ratios
for each of the fibers in the cable control sample in a similar

fashion.

Calculate the coupling loss in the following way., Obtain the ini-
tial power ratio (IPR) for each test fiber from the data recorded
during characterization. Subtract the initial power ratio from

the current power ratio to obtain the power ratio differential

(PRD) :
R0 (dB) = CPR (dB) - IPR (dB) (5=2)
11219 19
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If this is the first measurement of coupling loss after installa-
tion of the connector, then the coupling loss is equal to the PRD.
Calulate the actual connector coupling loss by subtracting the

control value from the PRD for each test fiber:

Loss (dB) = PRD (dB) - control (d4B) (6=3)

Equation 6=3 is performed to compensate for any changes in the
optical transmission of the cable alone as the result of environ-

mental exposure.

6.2.4 Test Data

The test data will include sample and fiber identification; the
results of each measurement for IPR and CPR; sample calculations
for PRD, control, and coupling loss; and the results of all calcu-
lations. 1In addition, any observations of sample condition or
performance which might aid in interpreting the test resul: will

Be recorded.

5.2.5 Requirements
The coupling loss of a mated pair of connectors with each assem-
cled to a length of cable will be measured on an individual opti-

cal channel basis. The objective is 1.5 4B.

6.3 Rotation (Deleted)

L1219 13
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6.4 Mating Durability

Mating durability is intended to determine the ability of the con-
nector to withstand repeated coupling and uncoupling as in normal

service. This test produces the type of wear which the connector

might experience during its service life.

6.4.1 References
Refer to paragraph 3.2.5.2.2 of "Technizal Guidelines for Ultra

Low Loss Optical Fiber Assemblies.”

5.4.2 Test EZquipment
The test equipment will include items required by Hughes to per-~

form tests.

$.4.3 Test Method

Mount the receptacle connector to a simulated panel with its jam
nut. <Connect the optical transmitter to a dc power source capabla
of supplying 300 mA at 12 to 15 V. Allow sufficient time for the
transmitter to warm up :t0 overating temperature before proceeding
with any measurements. Align and engage :the countarpart plug with
the receptacle and rotate the coupling ring until the connectors
are fully engaged. Then rotate the counling ring in the opposiie
direction to fully uncouple the connectors. Separate the two con-
nector halves completely. Repeat this orocess for a total of 1000
mating and unmating cvcles. No lubrication of zhe couplinag
devices during cveliag is allowed.

1124139 19
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On the first mating and on every 50 mating cycles thereafter, mea-
sure the CPR for each fiber in the connector. (These measurements
are intended to verify contiauity only and are not considered a
formal coupling loss measurement.) Observe the condition of the
coupling devices and optical mating surfaces thrcughout the expo-

sure.

Jpon completion of the requirsd mating cycles, the connector mat-
ing faces may be cleaned using appropriate procedures vefore sub-

mission to the subsequent tests in the sequence.

6.4.4 Tast Data

The data sheets for mating durability will contain sample identi-
fication, CPR readings for each fiber for each 50 cycles, and any
observations of ohysical change or damage along with the number of

cycles completed at the time of observation.

8.4.5 Requirements

Counterpart connectors will be capable of meeting the requirements
of succeeding tests after 1000 mating and unmating cvcles without
additional lubrication of the coupling devices. The connector
mating faces may be cleaned after the 1000 cvcles have been com-

oleted.

6.3 Salt Spray (Deletad)

A-49
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6.6 Immersion

The immersion test, in which the specimens ars totally immersed in
water at a specified pressure, is intended to determine if the
sealing provisions at the mating interface and cable entry are
capable of excluding water from the interior portions of the con-

nector.

6.6.1 References

Refer to paragraph 3.2.5.2.4 of "Technical Guidelines for Ultra

Low Loss Optical Fiber Agsemblies.”

6.6.2 Test Egquipment
The test equipment will consist of the following:

a. Water vessel capable of maintaining a pressure of
18 kPa

b. Optical power radio meter
c. Optical transmitter
d. DPower supply

e. Pressure requlator with gage

6.6.3 Test Method

Install the completely mated connector sample inside the water
container with the transmitter and detector ends of the fiber
optic cable brought outside through suitable seals to withstand
the test pressure. Connect the ootical transmitter to a dc power

source canable of supplying 300 mA at 12 to 13 V. Allow

,.
v
(]
-
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sufficient time for the transmitter to warm up to operating tem-
perature before proceeding with any optical measurements. Fill
the water vessel with room temperature tap water to completely
cover the mated connector pair. Seal the water vessel and pres-
surize it to 18 kxPa (equivalent to 1.836 m head of water). Main-

tain this condition for a period of 24 h.

Initially, and periodically throughout the exposure, measure the
CPR for each fiber in the connector. (These measurements are
intended to verify continuity only and are not considered a formal
coupling loss measurement.) At the conclusion of the exposure,
and without disturbing the sample, perform a coupling loss mea-

surement as described in paragraph 6.2.3.3.

Remove the specimen from the water vessel and carefully dry all
exterior surfaces. =xercising care not to introdice any remaining
extarior water to the inside of the connectors, unmate “he sample
and examine for the presence of water within the sealed area of

the connectors.

5.6.4 Test Data

Immersion data sheets will contain sample identification, a
description of the test setup, records of the CPR readings for
continuity, the results of the coupling loss test, and observa-

tions of the condition of the sample at the end of the test,

LL21) 22
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including whether moisture has penetrated into the sealed area of
the connector.

-~

5.56.5 Requirements

The mated connectors will exclude water from the sealed interior
portions when immersed in water to0 a depth of 1.83 m. The con-
nectors will maintain continuity throughout the exposur2 and will
meet the coupling loss requirement at the conclusion of the expo-

sure.

8.7 Shock Drop (Deleted)

6.8 Sand and Dust (Deleted)

6.9 Cable Retention

The cable retention test is intended to determine whether the con-
nector strain relief mechanism is capable of withstanding a static
tensile lcad tending to pull the cable from the rear of the con-
nector todyv without damage to either the connector or the cable

within the strain relief.

6.9.1 Referances
Refer to paragraoh 3.2.5.2.7 of "Technical Guidelines for Ul:tra

Low Loss Optical Fiber Assemblies.”

5§.9.2 Test Eguipment

The test aguipment will include the following:

.
-
~N
-
<
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a. Tensile test apparatus
9. Receptacle nounting adapter for tensi'e tests
¢. Owvtical cable mandrel (cylinder approximately 400 mm

diameter by 200 mm high with c¢ylindrical surface
wrapped with double faced tape for good grip)

$.9.3 Test Method

Perform this test on both plug and receptacle connectors. Mount
the receptacle on the mounting adapter plate with its jam nut.
Install the optical cable mandrel on the uprights of the tensile
test machine. 1Install the receptacle with its cable entry upward
on the crosshead of the test machine. Wrap at least five turns of
cable around the cable mandrel taking care that no excess slack is
left between the connector and the mandrel. Leave at least a

160 mm separation between the rear of the connector and the first

surn on the mandrel.

Activate the test machine crosshead and apply an increasing load
hetween the connector and the test cable until a locad of 1780 N
has been applied. Maintain this load for a period of 80 s and
“hen remove it. Observe the connector and cavle during the load-
ing for any evidence of damage or movement. Remove the receptacla

from the test machine and carefully examine i=.

Mate the receptacle with its counterpart 2lug connector and reian-

stall the mated pair on the crosshead of the zZest machine wista the

L1z 24
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plug cable entry upward. Wrap at least five turns of the plug
cable around the cable mandrel and repeat the loading 335 described

above for the raceptacle.

6.9.4 Test Data

The data sheets for the cable retantion test will contain the sam=~
ple identification, a description of the test setup with a sketch
or photograph of the significant details, and a record of the

observations made during and after the loading.

5.9.5 Requirements
The plug and receptacle samples will withstand a tensile load of
1780 N for a period of 40 s without physical damage and will be

capable of meeting the reguiraments of succeeding tests.

#.10 Flex Life

The flex life test is intended to determine the ability of the
connector strain relief mechanism to protect the onrtical cable
from £lexing stresses such as might be imposed during handling of

cables in field service.

6.10.! References
Refer to paragraph 3.2.5.2.8 of "Technical Guidel.nes for Ultra

Low Loss Optical #Fiber Assemblies."

11213 25
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6.10.2 Test Equipment
The test aquipment will include the following:
a. Plex life cycling apparatus
b. Optical power ratio meter
c. Optical transmitter
d. Power supply

2. High-low temperature chamber

§.10.3 Test Method

Figure 6.10.3-1 shows the fixture configuration that could be used
for the flex life test, The pivot point (?) is a minimum distance
(PE) £rom the end of the connector to preclude the cable from
swinging. The distance L which defines the location of mass M is
set at approximately 150 mm. The gravitational force exerted by
mass M should cause the cable tovbecome taut and nang vertically
at point G in the neutral axis. A mass of approximately 1 kg is

adequate to accomplish this.

Thisg test consists of two parts =-a room temperature vhase and a
low temperature phase. .t mav be more convenient to make the set-
up in the temperature chamber and perform both zarts without hav-

ing to move the apparatus. Mount the flexing apparatus so that

the flexing motion can be input to the tes' chamber through a test

port in the chamber wall. Only the sample mounting plate and su»- !
|

Port Dearing need ve inside the test rhamber. Adjust the limit

1121 26
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switches on the reversing motor to provide a flexing action 90° on
either side on the neutral axis as shown in Figure §.10.3-2,

Mount the receptacle on the mounting fixture, cable entry upward,
using the mounting jam nut. Couple the counterpart plug to the
receptacle with the cable entry downward. Attach the stabilizing
mass (M) to the plu4 cable 150 mm (L) below the rear of the plug.
Use care to avoid damage to the cable jacket where the mass is
attached. Route the optical cable outside the chamber through one
of the test ports so that optical power ratio measuraments can be

made.

Connect the optical transmitter to a dc power source capable of
supplying 300 mA at 12 to 15 V. Allow sufficient time for the
transmitter to warm up to operating temperature before proceeding
with any measurements. Record the CPR values for each fiber

vefore starting the flex test.

With the sample exposed to laboratory ambient conditions, energize

the flexing apraratus and subject the cable to 1000 £lex cycles..
T pPeriodically throughout the exposure, monitor the CPR for each
fiber in the test cable. (Th2sa measurements are intended to
verify continuity only and are not considered a formal coupling

loss measurement.)

At the conclusion of the 1000 £lex cycles, deenergize the flexing

apovaratus and rotate the test sample 90° about its mating axis as

11219 28
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shown in Figure §.10.3-3. Resume qycling with the connector in
its new orientation until an additional 1000 flex cycles have been
completed. Monitor CPR as before. Thir concludes the room tem-
Derature phase of the test, Inspect the cable carafully in the

area protected by the connector strain relief for any evidence of

deterioration.

Orient the flex fixture so that the connector is in the neutral
(vertical) axis. Program the test chamber to control temperaturs

at 70°C (£2°). Expose the connector to this condition for a

period of at least 48 h.

Program the test chamber to control temperature at -5§’c (:3‘{?“
Zxpose the connector Lo the low temperature condition'for'&-pericd
of at least 48 h. At the conclusion of the 48-h period and while

the connector is still exposed to -553°, energize the flexing appa-
ratus and subject the sample to 500 flex cycles. Monitor CPR ini-

tially and periodically throughout the exposure,

At rae conclusion of the 500 flex cycles, deenergize the flexing
apparatus and rotate the test sample 90° about its mating axis as
shown in Figqure 6.10.3-3. Use protective gloves and perform this
operation as quickly as possible to avoid unnecessary heat input
to the sample. Resume cyclinag wit%h the connector in its new ori-

entation until an additional 500 flex cvcles at low temperaturs

1121 10
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have been completed. Monitor CPR as before. This concludes the
low temperacure portion of the test. Remove the sample from the
test chamber. Allow the temperature chamber to return to room

temperature before removing the test sample. Perform a complete
examination paying particular attention to the cable where it is

protected by the connector strain relief.

5.10.4 Test Data
The data sheets for flex life will include sample identification,
a description of the test setup including a sketch or photograph,

records Of the CPR values and when they were measured, and a com-

plete description of the condition of the connector j;and cable at

the conclusion of the test. i

6.11 Twist
The twist test is intended to detrmine if the cabls retaining
feature at the rear of the connector is capable of withstanding

torsional stresses such as might be applied by the cable during A B

field handling without damage to either the connector or the £fiber

cable.

6.11.1 References

Refsr to paraqraph 3.2.5.2.9 of "Technical Guidelines for Ultra

Low Loss Optical Fiber Assemblies.”
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6.11.2 Test Equipment
The cest equipment will include the following
a. Motorized twist test apparatus
b. Optical power ratio meter
c. Optical transmitcter
d. Péwer supply

a. Receptacle mounting plate

6.11.3 Test Method

Mount the receptacle to its mounting plate and secure the plate in
a vise or other suitable clamping means. Couple the counterpart
plug to the receptacle. Position the twist test apparatus so as
to grip the fiber cable at a point 153 mm benind the rear of the
plug cable retaining fixture. Before tightening the cable grip,
program the twist apparatus to provide a twisting action as shown
in Figqure 6.11.3=1 £90° about the cable neutral axis. One twist
cvcle is defined as passing from the neutral positioa to +90°,
reversing back through neutral to -90°, and reversing back again

to the neutral position, a total excursion of 180°.

With the twist apparatus in the neutral position, tighten the
fiber cable clamp securely on the cable taking care not to damage
the cable. Connect the optical transmitter to a dc power source
capable of providing 300 mA at 12 to 15 V. Allow sufficient time

for the transmitter to warm up to operating temperature before

12l 13
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1.0 SCOPE

1.1 Purpose

This test plan establishes the tests to be performed on the
cable design samples (CLIN 0002) delivered under Contract
Number DAA B07-78-C-2922. Inclﬁded is information on the

number of samples, the length of each sample, and the test

i procedure for each test.

Roanoke, Virginia
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2.0 TESTING SUMMARY
A summary of all tests to be performed, the number and length
of samples required, the optical monitoring functions required,

] and the paragraph describing the test procedure is given in

Table 2-1. All samples used in the testing program whose

length is less than 300 m will be taken from a longer length

which was subjected to the optical transmission tests of
paragraph 3.0. Those tests requiring a 300m sample length
will be performed in the order listed in Table Z-1 on the same

sample.

Roanoka, Virginia
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| 3.0 TRANSMISSION TEST PROCEDURES
| 3.1 ATTENUATION

5.1.1 SPECIFICATION

' a) Wavelengths: 8,200; 8,500; 10,600 Angstroms

b) Attenuation: S dB/km (maximum)

3.1.2 TEST DEFINITION

The optical attenuation of each cabled fiber will be measured

' f at three selected wavelengths.

{ | 3.1.5 TEST EQUIPMENT AND PROCEDURE
The equipment of Figure 3-1 will be used to measure attenuation.
The procedure will follow ﬁethod 6020 of DOD-STD-1678. The

( output through the fiber is measured at each specified wave-
lengh with injection input numerical apertures of .089, .124,

5 .176 and .243. Once the output through the long length is

measured.afliﬂéwspé;ifie&_wavelengths:_the fiber will be.cut
- at a distance of 1 m from the injection end. A new end is
prepared on the output end of the reference length and the

measurement repeated for the short length.

| - - e -
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35.1.4 DATA REDUCTION
The attenuation at each wavelength and injectisn numerical
aperture (N.A.) is calculated per the relation

-10 1og ViR dB/km

a (N.A., ) ~
L "R

where VL = output voltage detected through long length LL

and Vp = output voltage detected through reference length
Lp (Lg= 1 m)

3.1.5. TEST RESULTS REPORTING
The attenuation of each test fiber at all three wavelengths

with an input N.A. of .089 will be reported.

3.1.6 TEST FACILITY AND PERSONNEL

ITT-EOPD measurement equipment and personnel will be used.
3.2. DATA TRANSMISSION

3.2.1 SPECIFICATION

Pulse dispersion 2 nsec/km maximum

5.2.2. TEST DEFINITION
The 50% (or 3dB) optical pulse dispersion of the test fiber

will be measured at 9,000 Angstroms,

i O

Raanoka, Virginia
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3.2.3 TEST EQUIPMENT AND PROCEDURE

Thae equipment of Figure 3-2 will be used to measure pulse
dispersion. The substitutionary procedure of Method 6050 of
DOD-STD-1678 will be utilized. The substitutionary reference

pulse will be measured periodically using a one to ten meter

length of graded index fiber similar to that used in the cables.

A typical input pulse is shown in Figure 3-3.

During the procedure, one end of the fiber'is positioned in
the input beam to obtain maximum ouvtput with the laser pulsed
just above threshold. The output waveform, detected by the
PIN diode, is displayed on the sampling scope and a permanent

record made with the X-Y recorder.

3.2.4. DATA REDUCTION

The dispersion of the fiber is calculated per the relation:

A(50) = ¢ "L.2°"R?) Y2 pg/xm

L "R
wiere A (50) = pulse dispersion in ns/km measured at 50% of
the maximum pulse amplitude.
WL . = pulse width at 50% maximum pulse amplitude of
the long test fiber output waveform in ns.
R = pulse width at 50% maximum pulse amplitude of

the reference test fiber output waveform in as.

Roanoke, Virginia
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LL = length of long test fiber in km.
Lp = length of reference test fiber in km.
The values of WL and WR are obtained graphically from the

waveforms recorded on the X-Y recorder.

3.2.5 TEST RESULTS REPORTING

The 50% pulse dispersion of the test fiber shall be reported.

3.2.6 TEST FACILITIES AND PERSONNEL
ITT-EOPD measurement equipment and personnel will be used.

3.3. NUMERICAL APERTURE (N.A.)

3.3.1 SPECIFICATION

.14 minimum

3.3.2 DEFINITION OF TEST
The exit N.A., defined as sin ¢, where ¢ is the cone angle
containing 90% of the output power, of each cabled fiber will

be measured.

3.3.3 TEST EQUIPMENT AND PROCEDURE
The equipment of Figure 3-4 will be used. First, ends are

made at both fiber ends by the scribe and break technique.

Roanake, Virginia
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__ITT Eloctro-Optical Products Division

end is positioned in the Pmax

end is then positioned for maximum output =0 insure proper

Mode stripping compound is applied near each end. The output
position of Figure 1.3, perpen-
dicular to and centered on the detector surface. The input end
is then positioned in the .336 N.A. scurce beam for maximum
output. The detector is then moved away from the output end

to a position corresponding to an N.A. of 0.14. The output

alignment to the detector surface. The degector is then re-

turned to the P .. positiom, and Pmax is recorded.

The detector is then moved away from the output end until the

output level drops 10% from the P, . value. At this time
the separation ZNA between the fiber output end and the

detector surface is measured and recorded.

3.3.4 DATA REDUCTION

The exit N.A. is calculated from the relation

N.A, = T4
Z 2y 1/2
(fg ™ Zy.a. )
where ry = radius of large area detector in mm.
and ENA = measured distance between the fiber output end

the detector surface at 90% output power level

Roanoke, Virginia
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5.3.5 TEST RESULTS REPORTING

The N.A. of the test fiber will be reported.

3.3.6 TEST FACILITY AND PERSONNEL

ITT-EOPD measursment equipment and personnel will be used.

Aoanoke, Virginia 1
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4.0 MECHANICAL AND ENVIRONMENTAL TEST PROCEDURES

4.1 TENSILE LOAD

+.-.1 SPECIFICATICN

Gage Length 6 m

Load 181.44 kg for 1 mimute
Post load attenuation a < 5dB/km

Visual No damage or degradation

4.1.2 TEST DEFINITION
A six meter gage length of cable is subjected to a tensile
load of 181.44 kg for a period of one minute. The attenuation

of the cabled fibers is monitored during the entire test.

For additional data on long term effects the static load is
then reapplied for a period of 48 hours during which the trans-
mission through the fibers is monitored.

4 1.3 TEST EQUIPMENT AND PROCEDURE

The equipment of Figures 4-1 and 4-2 will be used, respectively, :

to apply the tensile load and monitor any changes in trans-

'mission during the test. The cable, wound on a suitable reel,

is prepared for the test by mounting connectors on the inner

end of the cable and stripping the jacket from 1 m at the outer

Roancke, Virginia
14
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end of the cable. The outer end of the cable is then positioned
in the apparatus of Figure 4-1. Approximately 10 m nf the

cable end is left free to prevent jacket slippage at the

termination pulley. Ends are prepared on the fiber at the !
other end and the fibers placed in the output coupling fixture
of the monitor unit of Figure 4-2. The connectors are then j
joined to the bulkhead connectors on the monitor unit. Initial

values are recorded of the detector voltages of the monitor and ﬁ
output detectors and the chart recorder turned on. The load .

is applied for one minute. The load is applied and removed as

quickly as reasonable but not instantaneously. The time the
load is obtained and removed will be noted for correlation with
stripchart data. Followiag the removal of the load, the cable
is allowed to recover at a nominal tension for a minimum period
of 30 minutes. The load is then reapplied and the monitor and
output detector voltages measured either periodically or

continuously for a period of 48 hours.

4.1.4 DATA REDUCTION

Differential attenuation is calculated for each fiber at test

points of interest per the relation.

8 a=101log V., - 10 log Veo ;

V. .
1 10

Roanake, Virginia
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where V. = voltage at monitor detector at time of measurement

V, = voltage at output fiber detector i (i=l,
2,.....6) at time of measurement

Vto = yvoltage at monitor detector at beginning of test

and V., = voltage at output £ider detector i at beginning
of test
Points of interest shall be initial and final values,
minimum and maximum deviations plus any points of significant

L 3

change.

4.1.5 TEST RESULTS REPORTING
A graph of differential attenuation as a function.of time and

tensile load will be provided for each sample tested.

4.1.6 TEST FACILITY AND PERSONNEL
ITT-EOPD measurement equipment and personnel will be used.

Rental of a multipen stripchart recorder may be required,
4.2. MECHANICAL TESTS

4,2.1 SPECIFICATIONS

Impact 200 impacts at .415 kg-m (objective)
limit to be determined :

Bend 2000 cycles (specification)

limit to be determined (4000 cycles maximm)|

Twist 2000 cycles (specification)

|

limit to be determined (4000 cycles mximm)J

Roanoke, Virginia
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4.2.2 TEST DEFINITION
Cable samples will be subjected to Impact, Twist and Bend

testing per paragraph 4.5.4.1 of M1L-C-13777F at ambient

temperatures of 68 to 959 F, 160°F, and -659F.

4.2.3 TEST EQUIPMENT AND PROCEDURE |
Per paragraph 4.5.4.1 of MLL-C-13777F except that optical f
continuity of the fibers shall be monitored where electrical i
continuity is required. Optical continuity will be monitored
by illuminating one end of the fiber with a standard microscope %
illuminator and recording the output level with a photodetector !
and stripchart recorder. | ' {
|
|
4.2.4 TEST RESULTS REPORTING !
The level of mechanical stress and the number of cycles preced;

ing any fiber breakage shall be reported for each test and test

sample. A i
4.2.5 TEST FACILITY AND PERSONNEL
Test facility not yet determined. ITT-EOPD personnel will assist

in performing the tests at test facility.

4.3 VIBRATION

Rosnoke, Virginia
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4.3.1 SPECIFICATIONS

Vibration Environment

Sweepé

Sweep Time

Past Test Cable Properties

4.3.2 TEST DEFINITION
A full length test sample (> 300 m)
is subjected to vibration testing al

514.2 procedure VIII of MIL-STD-810C

optical attenuation of the sample is measured per paragrapn 3.1.

4.3.3. TEST EQUIPMENT AND PROCEDURE
The equipment and procedure to be us
514.2, Procedure VIII of M1L-STD-810
than 300m in length wound on a suita
to a suitable vibration table with t
to the reel axis. The sample is the

of Figure 514.2-6 of MIL-STD-810C fo

ner curve W
Figure 14.2-6,
M1L-STD 810C

5 parallel to sampla axi
3 orthogonal toc sample a

15 minutes

Attenuation <5.0 dB/km
at specified wavelengths
(per paragraph 3.1)

wound on a suitable reel

ong two axes per method

5
Xis

. Following the test, the

ed will follow method

C. A sample greater

ble reel will be secured
he motion axis parallel
n vibrated per curve W

r three 15 minute sweep

cicles. The sample is then rotated and secured on the vibra-

tion table so that the motion axis is perpendicular to the reel

20
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axis and the sweep cycles repeated.

Following the vibration testing the attenuation of the sample

cable is measured per the procedures and requirements of

paragraph 3.1.

4.3.4 DATA REDUCTION

The attenuation of each cabled fiber is calculated per Section

3.1.4.

'4.3.5 TEST RESULTS REPORTING
The pre test and post test attenuation of each cabled fiber

will be reported.

4.3.6 TEST FACILITY AND PERSONNEL

ITT-EOPD measurements personnel and equipment will be used.
4.4 TEMPERATURE SHOCK

4.4.1 SPECIFICATION
Test Conditions: per Method 503.1 of M1L-STD-810C

Post Test Performance: attenuation <5,0dB/km at
specified wavelengths per
paragraph 3.1 |

Roanake, Virginia J
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4.4.2 TEST DEFINITION
Test cables in lengths greater than 300 m are subjected to
sudden ambient temperature changes to determine the permanent

effect of such environmental factors on cable attenuation.

~4.4.5 TEST EQUIPMENT AND PROCEDURE
The equipment and procedure described in Method 503.1,

Procedure I, M1L-STD-810C will be used. Following the final

cycle at room temperature, the attenuation of the cabled fibers

is measured per the procedure and requirements of paragraph 3.1.

4.4.4. DATA REDUCTION

The attenuation of each cabled fiber is calculated per

paragraph 3.1.4,

4,4.5 TES1T RESULTS REPORTING
The pre test and post test attenuation of each cabled fiber

will he reported.

4.4.5 TEST FACILITY AND PERSONNEL

ITT-EOPD measurement equipment and personnel will be used.

4.5 HUMIDITY

‘ Roanoke, Virginia
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4.5.1 SPECIFICATION

Test Conditions. per Method 507.1 Procedure II, M1L-
STD-810C, deleting measurements
during test.

Post Test Performance attenuation <5.0 dB/km at specified
wavelengths per paragraph 3.1

4.5.2 TEST DEFINITION

A test cable whose length is a minimum of 300 m will be sub-
jected to temperature cycling at high ambient humidity to
determine what effect warm, humid environments have on cable

attenuation.

4.5.3 TEST EQUIPMENT AND PROCEDURE

The equipment and procedure to be used is described in Method
507.1, Procedure II ¢F M1L-STD-810C with the exception that the
in test measurements are deleted. Following the test, the
attenuation of the cabled fibers is measured per the procedures

and requirements of Paragraph 1.1l.

4.5.4 DATA REDUCTION
The attenuation of each cable fiber is calculated per Paragraph

3.1.4.

4.5.5. TEST RESULTS REPORTING

The attenuation of the cabled fibers before and after humidity

Rosnoka, Virginia
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testing will be reported.

4.5.6 TEST FACILITY AND PERSONNEL

ITT-EOPD measurement equipment and personnel will be used.

4.6. FUNGUS

4.6.1 SPECIFICATIONS

Test Conditions per Method 308 of M1L-S[D-810C,
controls required to show profuse
growth over 50% of the area after
1l4th and 28th days of test.

Sample “ a2ach per cable type,
50 cm long
Post Test Performance No visible growth of fungus on test

samples except sparse and tuberal
development of the fungus spore and
no more than two unrelated minute
colonies.

4.6.2 TEST DEFINITION
Cable samples are expoSed to fungi in an environment conducive
to fungus growth to determine the resistance of the cable to

fungal growth.

4.6.3 TEST EQUIPMENT AND PROCEDURE

The equipment and procedure to be used is described in Method

Roanoke, Virginia
24
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508.1 of MIL-STD 810C. As certain cleansing agents are known
inhibit the growth of fungus, the sample will be cleaned a
minimum of one hour prior to starting the test to allow total

evaporation of the cleansing agent.

4.6.4 TEST RESULTS REPORTING
Descriptions of the control and test samples at prescribed in-
spection internals and following test completion will be in-

cluded in the testing lavoratory's report.

4.6.5 TEST FACILITY AND PERSONNEL
Tests will be conducted by Aerospace Research Corporation of

Roanoke, Virginia.
4.7 NUCLEAR SURVIVABILITY

4.7.1 SPECIFICATIONS

A) Exposure gamma radiation - 10°® - 10°%
Roentgens (Cobalt 60)
Neutrons - 10!'2% - 10'* /cm?
(1 MeV equivalent)

B) Time of Exposure <10 second

C) Cable Survivability efforts to be determined

to

S

Roanoke, Virginia
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4.7.2 DEFINITION OF TEST

Portions of a cable sample will be exposed to the radiation

revels described apove. Difrferential attenuation of the cabled

fibers will be monitored during exposure and for a period

following exposure to determine the effect on attenuation.

4.7.3 TEST EQUIPMENT AND PROCEDURE

The cable sample will be connectored for use with the monitoringi
equipment of Figure 4-2. The length of the test cable that is |

exposed to the radiation will be determined by the test chamber

f capability of the test laboratory. Two laboratories are being

x
|
considered as test facilities at this time: U. S..Naval ;
Research Laboratory in Washington, D. C. and Harry Diamond i
Laboratory, in Adelphi, Maryland. The test specimen will be ;
sufficiently iong (100 m) to permit use of the monitoring :

equipment of Figure 4-2.
The output of the cabled fibers will be monitored before,
during and following radiation exposure to determine the

effects on the attenuation of cabled fibers.

4.7.4 DATA REDUCTION

The differential attenuation of each cabled fiber will be

determined per Paragraph 4.1.4.

Roanoke, Virginia
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4,7.5 TEST RESULTS REPORTING
The differential attenuation of each cabled fiber during the

test will be reported.

4.7.86 TIST FACILITY AND PERSCNNEL
Test facility not yet determined. ITT-EOPD personnel will
assist test facility personnel in conducting the test. Rental

of a multi-Pen stripchart recorder may be required.

Roanoke, Virginia
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Irvine, California 92714

B~2




s ~ EARE s s s

QUALIFICATION TEST REPORT

FOR

ULTRA LOW LOSS
FIBER OPTIC CABLE ASSEMBLIES
ITT Project 36027

HUGHES AIRCRAFT COMPANY
CONNECTING DEVICES DIVISION

e

17150 von Karman Avenue
Irvine, California 92714

PREPARED

APPROVED

APPROVED

. C. Villere, Manager
Reliability and Quality
Assurance

weroven sv: _Jpfbe (Tan.
ike Orr, Fiber Optic

Project Engineer

APPROVED BY:

. Quella, Assi
Division Manag

APPROVED BY:

B-3

DATE:

DATE:

DATE:

r e




TABLE OF CONTENTS

ADMINISTRATIVE DATA
ABSTRACT

SECONDARY STANDARDS
DESCRIPTION OF TEST EQUIPMENT
TEST SCHEDULE

SUBGROUP 1

SUBGROUP II

SUBGROUP III

SUBGROUP IV

SUBGROUP V

SUBGROUP VI

PHOTOGRAPHS AND/OR GRAPHS

REFPREREREE NS




g e o ——

REPoRT No. CDL1732
PacE No. 1

| ADMINISTRATIVE DATA

PURPOSE OF TEST:
' MANUFACTURER:

. MANUFACTURERS TYPE OR
I MODEL NUMBER:

CUSTOMER PART NUMBER:

Qualification

Hughes Aircraft Company
Connecting Devices Division
17150 von Karman Avenue
Irvine, California 92714

11438208 Pilug

1127132-1S Receptacle
1093201-051F400S Pin
1093202-051F400S Socket

#80581001 ITT Ultra Low Loss Cable

{
l {
DRAWING SPECIFICATION
! OR EXHIBIT: ITT Project Test Plan -
, Dated April 3, 1981
I QUANTITY OF ITEMS TESTED: 6 .
SECURITY CLASSIFICATION OF ITEMS: Unclassified v
DATE TEST COMPLETED: July 23, 1982
f TEST CONDUCTED BY: Reliability Test Laboratory
Hughes, Irvine ’
' DISPOSITION OF SAMPLES: IT? Electro-Optical
Products Division ,
! 7635 Plantation Road, N.W. “
Roanoke, Virginia 24019
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ABSTRACT: PROBLEMS AND DISCUSSION

fn performing the Immersion Test (Para. 6.6 Ulcra Low Loss Comnecctor
Tesc Plan) on sample numbers | and 3, insertion losses in axcess of che
specificacion limic (2.0 d8) were observed. The samples were chen d4is-
assembled to escablish the reasons for these failures.

During this examination it was found chat the samples displayed
signs of corrosioan.” This was due to using a test chamber that had been
previocously used for a salt water immersion test. This chamber was ime
properly cleaned befora the Immersion Tast and was therafore countaminacad

‘with salt crystals. Also, the disassembly of che conneczor revealad corn

o-rings inside che connector body as well as che strain relief housing.
This was the rasult of missing a stap (lubricacion) in the connector
assembly procadure.

The disassembled coﬁncc:ors were then cleaned with distilled wacer.
The damaged internal o-rings were replacad and the connectors were re-
assembled. The samples were then rematad and insertion loss measurements
were taksn. The initial measurements revaaled no losses in excess of
2.0 dB8. The samples were then placed in a new immersion chamber and che
Izmersion Test was recouducted. This second test resulfed in fi§£2533'

just as the firse.

A new si;;z; was prepared in order to determine the leakage oachs
for the immersion failures. After a thorough analysis, it was showm
chat the o-rings when properly installed do not leak. The sampie was
subjected to pressures up to 45 PSI. The_ lnakagc‘gg;h was Eound_;o have
been the :hrcnd area of the proctsctive tube and roccptac-e shell. It
should be poin:nd “out At TNIStIEe thac the rnccp:acle was not deasigned
for this type of environmenc; i{.a., the protactive tube is inside the
bulkhead. However, if this environmenc is required of che recescacle
connector, provisions can be amada.

Miaor dlfficul:y was experiencsd when failure occured ac four service
contacts. Two f{ibers cracked at the rear of che single channel connectors

by jolts during transportation of the tast stacion. The octher two failures
were dus to improper epoxy filling of the service contacts. See accompanying
pictures.
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was accomplished by removing the discrepancy from each

Corrteccion
Data was adjuscad

d rererminating che fiber wich 3 aew coutact.

fiber an
fégrences that the aew cerainacion

accordingly to compensaca for aay di

caused.
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A9 MQ 4 Al OV140 PIT O7/0F/32
4 I~ MA 6 “IHUGHES IRVINE, CA 09:40 PDT Q7/0%/22
/TLX 329453 ITT E0PD ADA

JATTNG MR. D. C. MINOR
/798307 R
/°2°8
INII11EY
06 JUL/22 OW
NS 7-3367-92
TO: ITT EOPD
AOANGKE, VA
ATTN: ' MR. D. C. MINOR
cCe KRAFT ELECTRONIC SALES, TOWSON, MD
REF: P.0. 24279
SUBJ:  QUALIFICATION TEST

CONFIRMING OUR DISCUSSION WITH CHUCK HAND ON7/1/82, 2 EA CF
THE CONNECTOR/CABLE 3AMPLES SUBJECTED TO THE IMMUSION TEST
HAVE DEMONSTRATED INSERTION LOSS READINGS BEYOND SPECIFICATION
LIMITS. PRELIMINARY FAILURE ANALYSIS INDICATES THAT THE WATER
I3 ENTERING THE CONNECTOR THROUGH THE REAR PORTION OF THE
SULKHEAD CONNECTOR. PER YOUR DIRECTION HUGHES WILL CONTINUE

WITH ANALYSIS TO PIN POINT THE AREAS OF LEAKAGE IN THE
BULKHEAD AND INSURE THE PROPER FUNCTIONING OF THE PLUG
CONNECTORS SEALS.
AESUME 7/h.

RAUALIFICATICON TESTING FOR ALL SAMPLES WILL

<ASNIGAN
o ARG TrMPANY
CONNECTING DEVICES DIVISION

AFAENIAT

/A2 AT 7 ~THUGHES IRVINE, CA 09:141 PDT Q7/05/22
/THY 7102329721 KRAFT 3L3 TUWSN

/ATTNs

/298307

/7278

ININCNIAD

5 BYZ #»

connect 10 secs listed 09147 PDT 27/0%/22
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APA: MA 26 Q1 146326 POT 07./04/92

4~I~7 MA 246 ~IHUGHES IRVINE, TA 14:24 POT 07/06/32

/TLX 32942 ITT ECPD ROA
/8YTN: MR, D. 5. MINOR
/795207

/I8

INVLLLYY

N6 JUL/32 CW

MSG 7-33%0-32

TO: ITT SOPD
ROANOKE, VA
ATTN:  MR. D. C. MINOR
ot} KRAFT ELECTRONIC SALES, TOWSON, MD
REF:  HUGHES MSG #7-3369~92

SUBJ:  Qual TEST

HUGHES hELIABILITY TEST LAB PROCEDURES RERUIRES WRITTEN
AUTHORIZATION TO CONTIMUE INTO THE NEXT TEXT. PLEASE
ACKNOWLEDGE THE ABOVE REFERENCED MESSAGE BY RETURN TWX.

———

Ae
i

HUGHES AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION

TWX 910-59%5-2%22

AEAEAIAC
/NI 27 ~ZHUGHES IRVINE, CA t4:26 PDT 07/06/32
/TWX 7102329351 XKRAFT SL3 TWSN
/ATTN:
/79%207
/I8
/NIANAIND
*+% BYE »e
connect A secs listed 146232 POT 07/04/22

B-1lo
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2.2 ?

o Nowows ntgsy bbbt
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STARTING Unit 2

Page '3) Messase W32
RX TWX:#»

HACCONN IRIN

HACCONN IRIN

ITT EQRD.AeA '
70 -m UGHES AIRCRAFT 0 IRVINE CA
FROMC D & MTRER-ITT E0PD ROANUKE VA

DATE JULY 7 1982 T
MS53  30%7-92

REF A EJPD NRODER 24279
B HUGHES MSG 7-3349-32 AND 7-3230-32-

EOPD CONFIRMS TELECON INSTRUCTION TO CONTINUE QUAL TESTING. WRITTEN
REPORT TN ADVISE LEARAGE POINT FOUND IN BULKHEAD.

-

REGARDS

MINCR
MCK
NNNN

HACCONN IRIN

ITT £0°D ROA
Pagce 94 IS HIGHEST

Page 34 I3 MEXT
time 070611 DISCONNECT
connect P2 secs listed 06311 POT 07/07/32
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Test Report €D 4173

page 1o

Secondary Standards in possession of and controlled by
3 Electronic Standards Laboratory, Hughes Newport Beach,
| and used in calibration of transfer and working standards.

The calibration of the equipment is directly taceable to

f Primary Standards in possession of and controlled by the
Primary Standards Laboratory, Hughes Aircraft Company,
Centinella and Teal Streets, Culver City. California.
They, in turn, show traceability to the National Bureau
! of Standards.
' B-14
L 8 _ — )




l RaPorT NMo. 172320
! Prce vo. 11
l B TE UTPMENT
' NQUN TEST MCDEL
TEST FIXTURE DURABILITY |
o TEST FIXTURE CABLE RETENTION
IEST SIXTURE FLEX LIFE
IEST FIXTURE TWIST.
INSTRON TESTER DURABILITY 1123
SHIMBER FIEX LIFE THERMODYNAMIC
' MICRCPROCESSCR FLEX LIFE MICRO-PRQ 1000
' SHART RECORDER FLEX LT _ MICRQSERVOQ
" .
ALL 8s
, DATA ACQUISITION UNIT
. HEWLETT PACKARD ALL 314972
DIGITAL VCLTMETER
} ( EzwizTr sacmarp ALL 1456a
SQURCE BCX'S ALL
l DETECTCR BOX'S ALT
POWERSUPELIES ALL HP6216A

B-15




! | TEI" REMAT -6 ) 1739
Peaa Mo, 12

! _ TEST SCHEDULE

SUBGROUP I

Examination
i Coupling Loss
" Mating Durability
T . .. Examination
! Coupling Loss
' ' Immersion SRR
| Examination
. Coupling Loss
: ] Cable Retention
Examination
Coupling Loss

I SUBGROUP II
Examination
l (‘ Coupling Loss -
Mating Durability
Examination
. ‘ : Coupling Loss
Cable Retention
l Examination

Coupling Loss

SUBGROUP IIIX
: . l Examination
| Coupling Loss
L Mating Durability

( - l ’ Examination
Coupling Loss
_ ! Izmersion
Examination
‘ . . Coupling Loss
b l Flex Life
o ‘ Examination
| ] Coupling Loss B-16
i
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TEST SCHEDULE, CONT.

SUBGROUP IV
Examination
Coupling Loss
- Mating Durability
i Examination
i Coupling Loss
Twist
Examination
' Coupling Loss

SUBGROUP V
' Examination
Coupling Loss
' Flex Life
! Examination
Coupling Loss

( SUBGROUP VI
l ) Examination
Coupling Loss
_ Twist
I Examination

Coupling Loss

o B-17
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REPORT NO.
PAGE NO.

SUBGROUP I

B-18
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HUGHES CONNECTING DEVIC

TEST SAMPLES:

TEST RESULTS:

TEST OATE STARTED | OATE COMPLETED
VISUAL EXAMINATION -23-82 7&5'32&5-2-
~ 8.1
PAART NO. TESTED 8Y/ .-/ |TOwe R.N.
€073 -
REQUIREMENTS: When tasted per the specification all test sam-
ples shall meet the requirements of the applicabl
documents. 7
PROCEDURES: The connocto:s' wares visually inspected to meet

the requirements.

4

THGE TEST SAMPLE e THE ABoVE
STRTED REQurEMENT.

&b weefonnecting Devicas |“§3;17=z

B-19




HUGHES CONNECTING DEVICES

OATE STARTED | OATE COMPLETED
ﬁ%’ ﬂm. <

8. 2.3 0

cD_
TESTE oY L‘ TEMP RN

CDri/ 2.2% 523

TEST ECUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST
BASE LINE INSERTION LOSS
2ART NO.

REQUIREMENT: Prepare a 20m langth of optical cable for each
tast sample using appropriate preparation
techniques.

PRCCEDURE: The baseline measursments were performed as

follows: The uncut cable and refaerence fibers
were installed on the transmitter for a series
of optical power measurements to establish the
initial power ratio for each fiber in the cable
to the referaencs fiber. Thesa values form the
basis for all subsaquant insertion loss readings.
After the characterization was ccmpleted, the
cable was cut and a mating pair of connectors
were installed rejoining the original fibers.

A new set of optical power ratios wers taken to
determine the coupling loss for each fiber. The
insertion loss was the differencs between the
currant power ratio for a given fiber and the
power ratio obtained during the characterization
phase.

Loss (db) = Current power ratio (ddb) -
Initial power ratio (db)

COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR 3CXS
DIGITAL VOLTMETER
POWER SUPPLYS

21

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. ,

@ “d“..omechnq Dgw?gs 'lmfz:m Lw ’3“:

o e
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OATE COMPLETED

TEST
ag.
) §.2.5
ART NO mnnavca.;: TEMS R.N.
2 19225 687
REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.
PROCEDURE: The optical transmitter was connected to a dc

- TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

power sourcea. The transmitter was allowed suf-
ficient time to warm up to operating tsmperature
before any measursments wers taken. The ref-
erence fiber was connectad to the refaerencs

port of the optical multimetar. The tast fiber
was connected to the signal port of the multi-
meter. The currsnt power ratio (cpr) indicated
by the nmultimeter was racorded. This procass
was rapeatsd for each of the tast fibers in each
cable.

PRD (db) = CPR (db}) =~ IPR (db)

COMPUTCR 85 SOURCE BOXS
DATA ACQUISITION UNIT DETECTCR BCXS
DITTAL VOLTMETER
POWER SUP

Mo

THEE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.Z23

f‘ L | :--

g Ml{',of!l:diﬂg DQVICQQ l 'CD-.1732.‘ . gZesz

- e s g o«

B-21




REPCRT No.£ D 2734

PAGE No. 24

{
DATA, PHOTOGRAPHS , &CEARTS

. ] B-22
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|
! : REMOUNTED ¢0°
| 3 | FRCM CRiGINAL
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Flexing Apparatus Deenergized.
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Pixture Configuration Flexing Action.
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.




CONNECTOR

-
~sd Cable Ouring Twistiang Action.
Do . .
. - - .. Bm25. - e - PoGE M. 77,
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FOWEE FACTOE=II LLiTE-@el POWEF FACTOR®TS aSIE-861
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—“ M e

C
LHAN LINP\. - FIBER " CUONN- 2 ey ' T
M. =1 . LaBy Leg ‘NO# %I}n

[

o

(v

o w
b 4

LY
<
1 3
| &

1 - 95 T T Y 3 . -1 31 .. o5 737
< -l 95 T.az =i 2% i Z1 34 - 90 -5;24--
: -l 22 - B2 G-l 24 - = -1 0@ -1 - 39
. Tiogs .22 =137 3 - =3 - a5 -37
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8- 12:99 -
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TR
e

3

m
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LY
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e

3TTTINE @6:23:03 1z 3a - T

LuykSERT RECORDs 2 e E ST BECARL
A i P oae R ENT RECORL=
ONiTOR WILTRGE vl O74E=882 . Gurton oouiAcE
FLWER FRALTOR=S. ZTAE-dul LHES SALTORaSE
T <IN SIEEW CONN 7 - s LTy
i v AR . da) :"ds 3 ‘ '?“_" b.;‘s. .
: -1 1% - 0 -1 17 -
: g : <. : =i ks
i -1 3a +.91 -1.31 2 B
H -1 1% - 9% -1 i Z -1 33
- -. 3= - ar - 3IA : - 7
z -. <z -4 -1.37, = -5 i
< -L =l - 33 ~:.63 . =z -1 uz
' {
a2 1213
+l TRIE-9R7T
<ITE~nQZ
l== -t =.2E% 0
: 2E 2f - L ug
: =28 -i.51
= - 922 1.36
- -, -t 30
- - ',_'q; -t f:
: -.0% ~1.54
< .00 ~3. 60

BASE LINE INSERTION LOSS

&P mweConnecting Devices [e> 2732 | 78
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-

TEST 0ATE COMPLETED
&-A3-85
| INSERTION LOSS 4G.
s s,2 8
AART NQ. TESTED l‘y & TEWe R.M.
| 0073) 122.72¢ £2%
| REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable wiil
be measured on an individual optical channel
l ’ basis. The objective is 1.5 db.
PROCEDURE : The optical transmitter was connectsd to a dc
power source. The transmitter was allowed suf-
l ficient time to warm up to operating tamperaturs

before any measurements wers takan. The ref-
erenca fiber was connected to the rsferance
port of the optical multimeter. The tast fiber
. was connected to the signal port of the multi-
: metsr. The currant power ratio (cpr) indicated
by the multimeter was recorded. This process

. was repeatad for each of the test fibers in each
cable. -
p PRD (db) = CPR (db) =~ IPR (db)
- COMPUTCR 85 SOURCE BCXS
(| Test zqumewr: QO CSUSTTION UNTT DETECTOR BCXS
| DITAL VOLTMETER
POWER SUPPLYS
TEST SAMPLES: #2Z
| _
TEST RESULTS: THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
i SEE PAGE No. 29
|

B-27 ‘
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]

H CONNECTING l
TEST OATE START OATE COMPLETED)
MATING DURABILITY o v T
CD 1699 6.4
pa——— |
PART NO TESTED BY/ ) (TOWP RN
(37 y
REQUIREMENTS: Counterpart connectors will be capabls of meeting
the requirements of succeeding tests after 1000
mating and unmating cycles without additional
lubrication of the coupling devices. The con-
nector mating faces may be cleaned after every
S0 cycles. :
PROCEDURE: The recaptacle connector was mounted to a simu-

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

" COMPUTCR 85

lated panel with its jam aut. The optical
transmitter was connected to a dc power sourcs.
The plug connector was aligned and eangaged with
the rsceptacle, being rotated until the connectors
wera fully engaged. Then the coupling ring was
rotatad in the opposits diraction until connectors
were fully uncoupled. The two connector halves
were completely separated. This process was
repeatad for a total of 1,000 cycles. No lubri-
cation was applied during this tessting.

SQURCE BCOXS
DETECTCR BCXS

DATA ACQUISITION UNIT
DURABILITY TEST FIXTURE

DIGITAL VOLTMETER
PCWER SUPPLYS

»Z

THE TEST SAMPLE MET THE ABQVE STATED REQUIREMENTS.

&P ~=<Connecting Devicas

CD-1732
NUMBER

e

B-28




CATE COMPLETED
fopa2 |
AG.

s 1

TEST SAMPLES:

TEST RESULTS:

the requirements.

L P4

TEST
VISUAL EXAMINATION
PART NQ.

REQUIREMENTS: When tested per the specification all test sam-
ples shall meet the requirements of the applicable
documents.

PROCEDURES : The connectors were visually inspected to meet

THE 7637 SAMPLE MET THE
sPsei FreATioN LEQueiREMENTS.

—CRlfog—
TESTED BY,,%_/ [TEMe WA
- aLJ,

8-29
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HUGHES CONNECTING DEVICES

OATE STARTED | OATE COMPLET

TEST SAMPLES:

TEST RESULTS:

TEST EQUIPMENT:

TEST
= o522 | é-25.82
INSERTION LCSS AG.
£, 2.5 .
PART NO. TESTED 8Y/ "5 |TEMP n.M,
o Jale SSA
REQUIREMENT: The insertion loss of a matad pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The ocbjective is 1.5 db.
PROCEDURE:; The optical transmitter was connected to a dc

power source. The transmittar was allowed suf-
ficient time to warm up to operating temperature
before any measurements were taken. The ref-
erenca fiber was connectsd to the reference

port of the optical multimetar. The teast fiber
was connected to the signal port of the multi-
meter. The current power ratio (cpr) indicated
by the multimeter was recorded. This process
was rapeatad for each of the test fibers in each
cabla.

-

PRD (db) = CPR (db) - IPR (db)

COMPUTOR 85 SQURCE BQXS
DATA ACQUISITION UNIT DETECTCR BOXS
DIITAL VOLTMETER
POWER SUPPLYS

~Z

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.83

g N'GComechnq Devices [;;C..D‘;'l]s"z' ) [m__ ':‘.'2‘

- . prver— -GN
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TEST
IMMERSION

HUGHES CONNECTING

S ——
OATE COMPLETED

§-28:82
AG.

CD 1699 6.6

PART NO.

TEITED oY TEue R.N.

1228% &%

REQUIREMENT:

PROCEDURE:

TEST ZQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

The mated connectors shall exclude water from the
sealed interior portions whean immersed in water
to a depth of 1.83m. The connectors shall main-
tain continuity throughout the exposure and

shall meet the insertion loss requirement at the
conclusion of the exposure.

The mated connectors were installed inside the
water container with the transmitter and de-
tactor fiber optic cable brought cutside through
suitable seals to withstand the tast pressure.
With the optical transmitter connected to a DC
powar source, the water vessel was filled with
rocom temparature tap water to completely cover
the matad connector pairs. The water vessel was
then placed in an altitude chamber, and pres-
surized to 139KPa for a periocd of 24 hours.

COMPUTCR 85 SQURCE 3CXS
DATA ACQUISITION UNTT DETECTCR BCXS
DIGITAL VOLTMETER
PCWER SUPPLYS

~L

-

Sex A8STACT Fom RAEswtTS.
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TEST OATE COMPLETEY
VISUAL EXAMINATION ‘:’ -
r'a ~nlsQaa )
TESTED AY TEMP - R.H.
REQUIREMENTS: When tested per the specification all test sam-
ples shall meet the requirements of the applicable

documents.

PROCEDURES:
the requirements.

I
i
| PamT NO.
i
i
I

] TEST SAMPLES: oL

TEST RESULTS:

The connectors were visually inspected to meet

8es ABSTRAT Fom RESwLTS.
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TEST EQUIPMENT:

TEST SAMPLES

TEST RESULTS:

TEST OATE COMPLETED
INSERTION LQOSS #M
CD 1699 8,.2.5
+ART NO. TESTED &Y 'nnu»_ R.H
G
REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.
PRCCEDURE: The optical transmitter was connected to a dc

power source. The transmitter was allowed suf-
ficient time to warm up to operating tsmperature
before any measuremants were taken. The ref-
erance fiher was connectad to the resferencs

port of the optical multimeter. The test fiber
was connected to the signal port of the multi-
hetar. The current power ratio (cpr) indicated
by the multimeter was racorded. This procass
wasl:epcnted for each of the test fibers in each
cable.

PRD (db) = CPR (db) = IPR (db)
COMPUTCR 8S SQURCE BQXS
DATA ACQUISTITION UNIT DETECTCR BCXS
DITTAL VOLTMETER
PCWER SUPPLYS

2L

S&& ABSTRACT & FRed Mo. 105

&P wecConnecting Devices | cooim2
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HUGHES CONNECTING DEVICES _

OATE STARTED | DATE COMPLETED

TEST SAMPLES:

TEST RESULTS:

TEST EQUIPMENT:

TEST
2 - pel
CABLE RETENTION S L T
- CD 16 g 6.9
PART NO. TESTED &Y 7 TEMP M.
o/ |za0e, can |
REQUIREMENTS: The plug and recsptacle samples shall withstand
a tensile load of 1780 N (400 lbs) for a period
of 60 seconds without physical damage and shall
be capable of meeting the rsquirements of suc-
ceeding tasts.
PROCEDURE: With the receptacle mountad on a mounting fixture

with its jam nut, the raceptacle was installed
in the upright position. Five turns min. were
wrapped around a 15.75 dia mandrel, with no
excess slack between the back side of the con-
nector and the mandrel. There was a minimum of
lé0mm separation between the rear of the con-
nector and the first turn on the mandrel. After
which the plug and recsptacle were mated, the
mounting fixture turned 1809 sc that the plug
connector could be testad in the same manner.
After both halves of the connector were tested,
they ware carefully examined.

COMPUTCR 85 SOURCE BCXS

DATA ACQUISITION UNIT DETECTCR BOXS

DIGITAL VOLTMETER INSTRON TESTER

POWER SUPPLYS CABLE RETENTION-
1 TEST FIXTURE

ch TE3T SAMPLE mMaT T#& ABove STRTED
REQuing men,

a weeConnecting Devicas | co;17:

Y]
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HUGHES CONNECTING DEVICES

TEST OATE STARTED | OATE COMPLETED
VISUAL EXAMINATION 5!75%%9_ £ 2:
R —— [adn B ﬁah a
PART NO. TESTED !7 TEMP RH.
~ 75 3. L)
REQUIREMENTS: When tested per the specification all test sam-
Ples shall meet the raeagquirements of the applicableJ
documents.
PRCCEDURES: The connectors were visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the requirsments.

#1

JEST SAmMPLE MET THE SPEC:FeATIoN

THE
RE Qi REMENTS.

&0 @-Comepﬁng Devices | o7

e 122

B-35




;— 2a-82
AG.

DATE COMPLETEQ

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST
INSERTION LOSS
~ART NQ.

REQUIREMENT: The insertion loss of a matad pair of connec-
tors each assembled to a length of cable will
be measursd on an individual optical channel
basis. The objective is 1.5 db.

PROCEDURE ;

The optical transmitter was connected to a de
power scurce. The transmitter was allowed suf-
ficient time to warm up to cperating tamperature
before any measurements were :takan. The ref-
ersnce fiber was connected to the raferance
port of the optical multimetsr. The tast fiber
was connectad to the signal port of the multi-
Dnetsr. The current power ratio (cpr) indicated
by the multimeter was recorded. This process
was repeatad for each of the tast fibers in each
cable.

: PRD (db) = CPR (db) - IPR (db)

COMPUTCR 85 SQURCE BCXS
DATA ACQUISITION UNIT DETECTCR BCQXS
DIITAL VOLTMETER
POWER SUPPLYS

#2L

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 132

SO we<ComnectingDevices |goy  |o, 2%
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HUGHES CONNECTING DEVICES
, OATE STARTED | OATE COMPLETED

TEST
= -23-82 6-23-82
‘ S
PART NO. TEMP R.H.
L ]
REQUIREMENTS: When tested per the spacification all test sam-
ples shall meet the ragquirements of the applicabl
documents.
PROCEDURES: The connectors were visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the requirements.

®3

THE TEST mPLE MET THE SPeEciFreAlion
R aunindsmeEnT.

&B weeConnecting Devices | ooz |, |22
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HUGHES CONNECTING DEVICES

OATE STARTED | OATE COMPLETED)

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST
/. - - -
BASZE LINE INSERTION LOSS ﬁﬁi@ﬂ‘m #AG.
CD l1§a9 §.2.3.1
~-ART NO. TESTED 8Y ;-] [TEMP A.H.
CJT; 2: z. 577
REQUIREMENT: Prepare a 20m length of optical cable for each
test sample using appropriate preparaticn
techniques.
PRCCEDURE: The baseline measursments were performed as

follows: The uncut cable and referenca fibers
were installed on the transmitter for a series
of optical power measurements to establish the
initial power ratio for each fiber in the cable
to the refersnce fiber. These values form the
basis for all subsequant insertion loss readings.
Aftar the characterization was completed, the
cable was cut and a mating pair of connectors
were installed rejoining the original fibers.

A new set of optical power ratios were taken to
determine the coupling loss for each fiber. The
insertion loss was the difference between the
current power ratio for a given fiber and the
power ratio obtained during the characterization

phase.

Loss (db) = Current power ratic (db) -
Initial power ratio (db)

COMPUTCR 85 SOURCE 30XS
DATA ACQUISITION UNIT DETECTCR BCXS
DIGITAL VOLTMETER
POWER SUPPLYS

2

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 28 .

|| & me<Connecting Devices [ [, &l
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( , TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST OATE COMPLETED
-23- 22
INSERTION LOSS AG.
- CR_169%. | _8.2.3
AART NO. TESﬂn)!v“i'/ TEMP R.M.
Ieu 7o ®
=3 m‘zg 52%
REQUIREMENT: The insertion loss of a mated pair of connec-
tors sach assembled to a length of cable will
be measured on an individual optical channel
basis. The cbjective is 1.5 db.
PRCCEDURE : The optical transmitter was connected to a dc

power scurcs. The transmitter was allowed suf-
ficient time to warm up to operating tsmperature
befors any measuremants wers taksn. The ref-
erance fiber was connectsd to the raferance

port of the optical multimetsr. The test fiber
was connected to the signal port of the multi-
nmeter. The current power ratio (cpr) indicated
by the multimeter was racorded. This process
was rspeatsd for each of the tsst fibers in each

cable. -

PRD (db) = CPR (db) =~ IPR (db)
COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR BCXS
DIITAL VOLTMETER
POWER SUPPLYS

>2

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No._29

[&® ~=<Connecting Devices

CD-1732 30
NUMBER _ |mev__|racE
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P

TEST

MATING OURABILITY

0ATE CoMPLETED

i

CD lGQgr 6.4

s (PART NQ.

T!STEDDZ'?“ TEMS R.H.
[ 737 - 7

PRCCZDURE:

i
!
!
b | moommems.
!
!
!

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

- - L —

Counterpart connectors will be capabla of meeting
the requirsments of succeeding tasts aftar 10u0
mating and unmating cycles without additicnal
lubrication of the coupling devices. The con-
nector mating faces may ba cleaaned after svery
50 cycles.

The recaptacle connector was mountad to a simu-
lated panel with its jam nut, The optical
transmittar wvas cocnnectad to a dc power source.
The plug connector was aligned and engaged with
the rsceptacle, being rotated until the connectors
were fully engaged. Then the coupling ring was
rotatad in the opposite dirsction until connectors
wers fully uncoupled. The two connector halves
werw complatasly ssparated. This process was
repeatad for a total of 1,000 cycles., No lubri-
cation was applied during this testing.

COMPUTICR 85 SQURCE BQXS
DATA ACQUISITION UNIT DETECTCR BCXS
DIGITAL VOLTMETER DURABILITY TEST FIXTURE
PCWER SUPPLYS
#32

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.

-
e ey

&0 weefonnecting Devices | coome | |32

- —— ———.
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TEST OATE COMPLETED
VISUAL EXAMINATION i
S ~nlgaq a1
PART NO. TESTED oY ";‘7 TEMS R.H.
(227 22 5. 527
REQUIREMENTS: When tasted per the specification all test sam- J
ples shall meet the requirements of the applicabl
documents.
PROCEDURES: The connectors were visually inspected to meet
the requirements.
TEST SAMPLES: 2

TEST RESULTS:

rYE T&ST SAmPLE mer The
SPEcIFrepTror RaawuREmenT.

&P we<Connecting Devices T e B2
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H
TEST
INSERTION LOSS
,

ART NO.

REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The cbjective is 1.5 dh.

PROCEDURE: The optical transmittsr was connected to a dc

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

power source. The transmitter was allowed suf-
ficient time to warm up to operating temperature
befors any measursments were taken. The ref-
ersncs fiber was connected to the reference
port of the optical multimeter. The test fiber
was connected to the signal port of the multi-~
metsr. The current power ratio (cpr) indicated
by the multimeter was rscorded. This procass
wlslrap.atad for each of the test fibers in each
cable.

~.

PRD (db) = CPR (db) - IPR (db)
COMPUTCR 85 SQURCE BQXS
DATA ACQUISITION UNIT DETECTCR BCXS
DIITAL VOLTMETER
POWER SUP

L

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.8 3

@ “';-‘-tomepﬁnq Devices | g1z |,
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TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST CATE COMPLETED
CABLE RETENTION a2
CD 1699 6.9
~ART NO. TESTED 8Y -0 [TEme RN
(g 22 2'5 éé’!
REQUIREMENTS: The plug and receptacle samples shall withstand
a tensile load of 1780 N (400 lbs) for a period
of 60 seconds without physical damage and shall
be capable of meeting the requirements of suc-
ceeding tests,
PRCCEDURE: With the recsptacle mounted on a mounting fixturs

with its jam nut, the racsptacle was installed
in the upright position. Five turns min. were
wrapped around a 15.75 dia mandrel, with no
excass slack between the back side of the con-
nector and the mandrel. Thers was a minimum of
l60mm separation between the rear of the con-
nector and the £irst turn on the mandrel. After
which the plug and recsptacle were mated, the
mounting fixture turned 180° so that the plug
connector could be tasted in the same manner.
After both halves of the connector were tasted,
they were carefully examined.

COMPUTCR 85 SOURCE 3CXS
DATA ACQUISITICN UNIT DETECTOR BOXS
DIGITAL VOLTMETER INSTRON TESTER
POWER SUPPLYS CABLE RETENTION-
M2 TEST FIXTURE

THE TEST SAmpLz ma&y TH#e ABouvE STATSD
REQU.1LRMENTS.

@ weeConnecting Deviéas S e 122,
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TEST

HUGHES CONNECTING DEVICES
OATE STARTED

VISUAL EXAMINATION

OATE COMPLETED

I
1
| &
g

l

]

REQUIREMENTS:

PRCCEDURES:

TEST SAMPLES:

TEST RESULTS:

When tasted per the specification all test sam-
ples shall meet the regquirements of the applicable

documeants.

The connectors were visually inspected to meet
the requiraments.

“2

THE TEST SAmPLE MET THE
speciFreaTioN REQw REMENT.

&P we<Connecting Devicas

CD-1732
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HUGHES CONNECTING

TEST
INSERTION LOSS

PART NO. TESTED 8Y {'3/ TEMP RN,

REQUIREMENT: The insertion loss of a mated pair of connec-

tors each assembled to a langth of cable will

( be measured on an individual optical channel
basis. The cbjective is 1.5 db.

‘ PROCEDURE: The optical transmitter was connected to a dc

power source. The transmitter was allowed suf-
ficient time o warm up to cperating tamperature
before any measuraments wers taken. The ref-
i erance fiber was connected tc the reference

port of the optical multimeter. The tast fiber

was connectad to the signal port of the multi-
! metar. The currsnt power ratio (cpr) indicated
by the multimetsr was recorded. This process
was rspeated for each of the tast fibers in each
cable. -

PRD (db) = CPR (db) - IPR (db)

' COMPUTOR 85 SOURCE BCXS
| (| st ecuremmwe:  SOMACOUIsTTION UNIT DETECTCR BCXS -
DITTAL VOLTMETER ~

POWER SUPPLYS

TEST SAMPLES: »”2

TEST RESULTS: THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 222

..'4. .

- e et mm e —— o
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B g

HUGHES CONNECTING g;\_ncgs
e . OATE STARTED

OATE COMPLETED
VISUAL SXAMINATION mg;‘%%-g:-?_ 5‘; .93-82.
ﬁnl&%gar‘ g 1

documents.

the requirements.

TEST SAMPLES: 3

rHE TEaST SAMPLE M&T THE

TEST RESULTS:
SPECIFIcATION REQUREMENT.

PAART NQ. TESTED 8Y/ .“/[TEMP ..
37 o

REQUIREMENTS: When tasted per the specification all test sam-
Ples shall meet the requirements of the applicablé

PROCEDURES: The connectors were visually inspected to meet

&P weeConnecting Devicas |, c2;7»
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HUGHES CONNECTING DEVICES

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST OATE STARTED | OATE COMPLETED
3ASZ LINE INSERTION LOSS é&fgﬂ%&— AG.
cn 1699 R 2.3.1
PART NO. TESTED 8Y; 7 TEMP AN.
(378 21 26 EZZ
REQUIREMENT: Prapare a 20m length of optical cabla Zor each
tast sample using appropriate preparation
techniques.
PROCEDURE: The baseline measurements were performed as

follows: The uncut cable and reference fibers
were installed on the transmitter for a series
of optical power measurements to establish the
initial power ratio for each fiber in the cable
to the reference fiber. These values form the
basis for all subsequent insertion loss readings.
Aftsr the characterization was complaeted, the
cable was cut and a mating pair of connectors
wers installed rejoining the original fibers.

A new sat of optical power ratics wera taken to
detarnine the coupling loss for each fiber. The
ingertion loss was the differencs between the
current power ratio for a given fiber and the
power ratio obtained during the characterization
phase.

Loss (db) = Current power ratio (db) -
' Initial power ratio (db)

COMPUTCR 85 SQURCE BCXS
DATA ACQUISITION UNIT DETECTCR 8CXS
DIGITAL VOLTMETER
PCWER SUPPLYS

#3

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 22
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HUGH.§S CONNECTING ngngﬁg,m DR,

TEST

INSERTION LOSS

$-23-82 -23-
CA AG.

PART NO.

CD 5.2.5
TESTED mma;'f TEMP RH.
(/73 2 z Zo E 27

REQUIREMENT:

PROCEDURE:

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

The insaertion loss of a matad pair of connec-
tors sach assemblad to a langth of cable will
be measurasd on an individual optical channel

basis. The cbjective is 1.5 db.

The cptical transmitter was connected to a dc
powar source. The transmitter was allowed suf-
ficiant time to warm up to operating tamperature
befora any measurements were taken. The raf-
aerence fiber was connectad to the refarancs
port of the optical multimetsr. The tast fiber
was connected to the signal port of the multi-
metar. The current power ratio (cpr) indicated
by ths multimetsr was racorded. This process
was raspeated for each of the tast fibers in each

cablas. -
PRD (db) = CPR (db) - IPR (db)

SQURCE BCGXS

COMPUTCR 85
DETECTCR BCOXS

DATA ACQUISITION UNIT
DIITAL VOLTMETER
POWER SUPPLYS

#* 3

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.29
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TEST

HUGHES CONNECTING DEVICES
OATE STARTED | OATE COMPLETER

MATING DURABILITY

-03-23 | G-25-22 |
AT ION AG.

CD 1699 6.4

PART NO.

TESTED BY: . ] TEMP R.H.

’C\)Ara aa e‘ izz

REQUIREMENTS:

PROCEDURE:

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

Countsrpart connectors will be capable of meeting
the requirements of succeeding tests after 1000
mating and unmating cycles without additional
lubrication of the coupling devicas. The con-
nector mating faces may be cleaned after every

S0 cycles.

The recaptacle connector was mounted to a simu-
lated panel with its jam nut. The optical
transmitter was connectad to a dc power source.
The plug connector was aligned and engaged with
the raceaptacle, being rotatad until the connectors
wers fully engaged. Then the coupling ring was
rotated in the opposita dirsction until connectors
were fully uncoupled. The two connector halves
were completely separated. This process was
repeated for a total of 1,000 cycles. No lubri-
cation was applied during this testing.

COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR BCXS
DIGITAL VOLTMETER DURABILITY TEST FIXTURE
PCWER SUPPLYS
&3

THE TEST SAMPLE MET THE ABCVE STATED REQUIREMENTS.

+ - - P
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TEST SAMPLES:

TEST RESULTS:

the raquirements.

#3

TEST DATE COMPLET
VISUAL EXAMINATION 'ﬁfcﬁa—
CN145499, 8.1
PART NO. TESTED av]\/ TEMP R.N.
1928, 627
REQUIREMENTS: When taested per the specification all test sam-
ples shall meet the requirements of the applicable
documents.
PROCEDURES: The connectors were visually inspected to meet

ryE 7TEST SAMPLE Mmar rva
SPECIFicd Tiov RRau\REMFN/.

B-52
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HUGHES CONNECTING DEVICES
. OATE STARTED

TEST OATE COMPLETED)
- -: -
INSERTION LOSS m#&.‘&
" CD 8 2 9
PART NO. TESTED m;;~7 TEMP R.N.
=5 1928, 637
REQUIREMENT: The insertion loss of 2 mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.
PROCEDURE: The optical transmitter was connectad %o a dc

TEST SAMPLES:

TEST RESULTS:

TEST EQUIPMENT:

power scurcae. The transmitter was allowed suf-
ficient time to warm up to operating tamperature
before any ceasurements were taksn. The ref-
erenca fiber was connectad to the reference

port of the optical multimetar. The test fiber
was connected to the signal port of the multi-
meter. The current power ratio (cpr) indicated
by the multimetar was recorded. This process
was repeatad for each of the test fibers in each

cabla. .

PRD (db) = CPR (db) - IPR (db)
COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTOR BCXS
DITTAL VOLTMETER
POWER SUPPLYS

* 3

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.Jo4
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k_ HUGHES CONNECTING DEVICES
ST .

OATE STARTED | CATE COMPLETEN

' IMMERSION AN G =
— CD 1699 6.6
AART NO. TESTED aY TEMP A.H,
-r —M—A&ZJ
REQUIREMENT: The mated connaectors shall exclude water from the

PROCCEDURE:

'-:351: RESULTS:

l:zsr EQUIPMENT:

sealed interior portions when immersed in water
to a depth of 1.83m. The coanectors shall main=-
tain continuity throughout the exposure and
shall meet the insertion loss reagquirement at ths
conclusion of the exposurs.

The matsd connectors were installed inside the
water container with the transmitter and de-
tector fiber optic cable brought outside through
suitable seals to withstand the test pressure.
With the optical transmitter connected to a DC
powar source, the water vessel was filled with
room temperature tap watar to complately cover
the matad connector pairs. The wataer vessel was
then placed in an altitude chamber, and pres-
surized to 18KPa for a period of 24 hours.

COMPUTOR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR 3CXS
DIGITAL VOLTMETER

PCWER SUPPLYS

#3

SE&E& ABSTRACT Fok RESw LTS
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TEST OATE COMPLETED
VISUAL EXAMINATION mf.?'é&f_{
S — ~N1s49 8 1
PART NO. TESTED &Y TEMP RN,
s
REQUIREMENTS: When tested per the specification all test sam-
ples shall meet the requirements of the applicabl
docunents.
PROCEDURES: The connectors were visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the requirements.

#3

Sce AB3TAcT Foe RESWLTS.

weed 0

CD-1732 [ [45
NUMBER m._’ pm i

nnecting Devicas
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TEST

INSERTION LOSS

.-ART NO.

REQUIREMENT:

PROCEDURE:

TEST RESULTS:

TEST EQUIPMENT

The insertion loss of a mated pair of connec-
tors each assambled to a length of cable will
be measured on an individual optical channel
basis. The cbjective is 1.5 db.

The optical transmitter was connected to a dc
power scurce. The transmitter was alleowed suf-
ficient time to warm up to operating tsmperature
before any measurements wers taken. The raf-
erence fiber was connected to the referencs

port of the optical multimetsr. The test fiber
was connected to the signal port of the multi-
metar. The current power ratio (cpr) indicated
by the multimeter was rscorded. This process
waslrapuat.d for each of the tast fibhers in each
cable.

PRD (db) = CPR (db) -~ IPR (db)

COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTOR BCXS
DUTAL VOLTMETER
POWER SUPPLYS

L Ea '

SEE HBSTRACT FoR RGIWLTS.
SZe PAGE No. iof
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TEST
FLEX LIFE

HUGHES CONNECTING DEVICES

T —————————
OATE STARTED | OATE COMPLETED

7-9-%; 7-L5-82

CD 169 6.10

ART NO.

TESTED BY .-
(<07

.F—,F

P GEE WIN THS T VRS VS G oM G WS Gy eNy eaw  ems

REQUIREMENT:

PROCEDURE:

TEST EQUIPMENT:
TEST SAMPLES:

TEST RESULTS: |,

With the tast connectors setup per Fig. 1, the
connector shall be cycled per Paragraph 6.10.3
of CD1699. Monitoring CPR initially and period-
ically throughout the exposure. These measure-
ments shall not be considered a formal insertion
loss measurement, they should be for verifying
continuity only. A visual examination shall be
performed after each portion of the flex testing
is completed, paying particular attention to the
cable where it is protectad by the connector
strain ralief.

With the test connector installed into a test
fixture per Pig. 1, the test connector was then
flexed per Fig. 2 for 1000 cycles. At the com-
pletion of 1000 cycles the connector was rotated
909 and cycled 1000 times in this axis, after
which a visual examination was performed for evi-
dence of detsrioration. The tast connactor and
test fixture were installed into a test chamber
at 709c (¥2°) for a pericd of at least 48 hours.
The chamber was then programmed to =55%¢ (£39)
for a period of 48 hours. At the conclusion of
the 48 hours and while the connector was still

exposed to -550¢, the test connector was subjected|}

£0 500 cycles of flex, at the complation of 509
cycles the test connector was rotated 90° and
subjected to 500 more cycles. CPR was monitored
throughout the completa flex lifa tast.

COMPUTCR 85 SOURCE BCXS

DATA ACQUISITION UNIT DETECTCR BOXS

DIGITAL VOLTMETER FLEX TEST FIXTURE

POWER SUPPLYS TEMPERATURE CEAMBER
“3 MICROPROCESSCR

THE TesT SAMPLE MET THE ABOVE 3TATED
REQU.\REMENTS. ‘

@ weelonnecting Devices L_&B-usz |m a7
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TEST DATE COMPLETED
VISUAL EXAMINATION m%f-'aﬁ
A ~N149 5,1
PART NO. TESTED 8y 47 TEM, R.H
REQUIREMENTS: When tested per the specification all test sam-
ples shall meet the requirements of tha applicabl
documents.
PROCEDURES: The connectors ware visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the raquirements.

-~ 3

THE TEST SAmPLE MET TvE
SPECIA/IcATIOoON REBQAQU.REMENT,

S

@D we<ConnectingDevices | oo |, %]
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HUGH‘ES CONNECTING Dmnlg‘E"Sm o

TEST
=D '2-2 222
INSZERTION LOSS A AG.
: ~CD_1699, | _6.2.5
AAT NO. TESTED ”“4‘:7 TEMP = R.M.
L;Ea ol 587
REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a langth of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.
PROCEDURE: The optical transmitter was connected to a dc

( TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

e = mm-

power socurca. The transmitter was allowed suf-
ficient time to warm up to operating temperaturs
befors any measursments wers taken. The ref-
erence fiber was connectad to the reference
port of the optical multimetsr. The tsst fihar
was connected to the signal port of the multi-
meter. The current power ratio (cpr) indicatad
by the multimeter was racorded. This process
mlrapatcd for each of the tsst fibers in each
cablas.

PRD (db) = CPR (db) - IPR (db)
COMPUTCR 85 SQURCE B8CXS ’
DATA ACQUISITION UNIT DETECTCR B8CXS
DITTAL VOLTMETER
POWER SUP
&3 :

THE TEST SAMPLE MET THE ABCVE STATED REQUIREMENTS.
SEE PAGE No.i2<
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HUGHES CONNECTING DEVICES ,
, OATE STARTED | OATE COMPLETED

the requirements.

TEST
VISUAL EXAMINATION -25-22 &-23-62
evm—— b 8.1
PART NO TESTED 8Y/ ;- /|TEwP R,
[Co7g °
REQUIREMENTS: When tested per the specification all test sam-
ples shall meet the requirements of the applicable
documents.
PROCEDURES: The connectors ware visually inspected to meet

TEST SAMPLES: » <
TEST RESULTS: THE TE&ST SAMPLE MET THE .
SPRCIPIcATions ReQuie&menT. "
(
i cD-1732 52
_ D weeConnecting Devices =R lnew. g2 |
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HUGHES CONNECTING DEVICES

o~

TEST OATE STARTED | OATE COMPLETED
BASE LINE INSERTION LOSS éﬁ%ﬁa—ﬁm&
r — D 169 §.2.3.1
-ART NO. TESTED 8.~ [[TEMP R.N.
REQUIREMENT: Prepare a 20m length of optical cable for each
tast sample using appropriate praparation
techniques.
PROCEDURE: The baseline measurements were performed as

- TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

ol me— -

follows: The uncut cable and reference fibers
were installed on the transmitter for a series
of optical power measurements to establish the
initial power ratio for each fiber in the cable
to the referance fiber. These values form the
basis for all subsequent insertion loss readings.
After the characterization was ccmpletad, the
cable was cut and a mating pair of connectors
ware installed rejoining the original fibers.

A new set of optical power ratios were taken to
detsrmine the coupling loss for each fiber. The
insertion loss was the differeacs between the
current power ratio for a givea fiber and the
power ratio cbtained during the characterization

phase.

Loss (db) = Current power ratis (db) -
Initial power ratis (db)
COMPUTCR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR BCXS
DIGITAL VOLTMETER
POWER SUPPLYS
'Y

THE TEST SAMELE MET THE ASOVE STATED REQUIREMENTS.
SEE PAGE No. 28 _
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TEST

N\

OATE COMPLETED
mé_ZLBR_“'

R.2.5

- Ry TEMP R.A.
s : >4

PROCEDURE :

i
5

( , TEsT EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

N N

The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel

basis. The cbjective is 1.5 db.

The optical transmittar was connectad to a dc
power scurca. The transmitter was allowed suf-
ficient time to warm up to operating tesmperature
before any measurements were taken. The ref-
erance fiber was connected to the refarence

port of the optical multimeter. The test fiber
was connected to the signal port of the multi-
meater. The current powar ratio (cpr) indicated
by the multimeter was recorded. This procass
was repeated for each of the test fibers in each

cable. -
PRD (db) = CPR (db) - IPR (db)

COMPUTOR 8§ SOURCE 8CKS
DATA ACQUISITION UNIT DETECTCR BCOXS
DITAL VOLTMETER

PCWER SUPPLYS

+4

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 29 .

| | @ ~e<ComnectingDevices |2 | |4
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HUGHES CONNECTING

TEST OATE COMPLETED
MATING DURABILITY 77 T
_— CD 1699 6.4
PART NO. TESTED 8Y, .- /|TEMP R.AH.
':D 73 : [ J E;z
REQUIREMENTS: Counterpart connectors will be capable cf meeting
the requirements of succseding tasts aftar 1000
mating and unmating cycles without additional
lubrication of the coupling devices. The con-
nector mating faces may be cleaned after every
S0 cycles.
PROCEDURE: The recaptacle connector was mountsd to a simu-

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

lated panel with its jam nut. The optical
transmittear was connectad to a dc powar source.
The plug connector was aligned and engagsed with
the racaptacla, being rotated until the connectors
were fully angaged. Then the coupling ring was
rotated in the opposits dirsction until connectors
were fully uncoupled. The two connector halves
were completely separated. This process was
repeated for a total of 1,000 cycles. No lubri-
cation was applied during this testing.

COMPUTOR 8S SOURCE 8CQXS
DATA ACQUISTIION UNIT DETECTCR BCXS
DIGITAL VOLTMETER DURABILITY TEST FIXTURE
POWER SUPPLYS
#<4

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.

&O weeConnecting Devices [ .o |, [
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HUGHES CONNECTING Q;VlCES e
, DATE STARTED | OATE COMPLETED

TEST SAMPLES:

TEST RESULTS:

TEST
VISUAL EXAMINATION o ;2 ‘;:5' =
3 £nl4ae9 5.1
PART NO. TESTED 8v ﬁ TEMP RN
3 ¢t 5
REQUIREMENTS: When tastad per the specification all test sam-
ples shall meet the requirements of the applicabl
documents. j
PROCEDURES: The connectors ware visually inspected to meet

the requirements.

i

THE TES” SAMPLE MET rH¥& ABoVE
STATED RrawiREmée~’.

b e e

=D weconnecting Devices |, co-17s
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HUGHES CONNECTING ngn! 1357550

DATE COMPLETED

TEST
S T
INSERTION LOSS N AG.
cp 169 1 §.2.9
AART NQ. TESTED 8Y - | [TEMP R.M.
N [ 3
275 19d8% S5
REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The ocbjective is 1.5 db.
PRCCEDURE: The optical transmitter was connected to a de

TEST SAMPLES

TEST EQUIPMENT:

o

TEST RESULTS:

power source. The transmitter was allowed suf-
ficient time to warm up to operating tsmperature
before any measursments wers taken. The ref-
erence fiber was connectad to the refarence

port of the optical multimetar. The tast fiber
was connected to the signal port of the mulki-
Detsr. The current power ratio (cpr) indicated
by the multimeter was rscorded. This process
was rspeated for each of the test fibers in each
cable.

PRD (db) = CPR (db) =~ IPR (db)
COMPUTCR 85 SOURCE BCOXS
DATA ACQUISITION UNIT DETECTOR BCXS
DITZAL VOLTMETER
PCWER SUPPLYS

#4

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.Z1o®

&P we<Connecting Devices | ooz | 24
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HUGHES CONNECTING

TEST

TWIST

ICES

OATE STARTED

4" aRT NO.

REQUIREMENT:

PROCEDURE:

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

¥With test connector set up per Fig. 3 CPR
measurements shall be taken initially and
periodically throughout the cycling, with these
measurements taken only to verify optical con-~
tinuity. At the conclusion of the 1000 twist
cycles the cable and cable retaining feature
shall be carefully examined for any damage or
detericration.

With the test connector setup per Fig. 3, 1000
cycles of twist cycling was completed. The
connector and fiber cable were removed from the
test fixture and carefully examined for evidence
of damage or deterioration of the cable or con-
nector.

COMPUTICR 85 SQURCE BCXS
DATA ACQUISITICN UNIT DETECTCR BCXS
DIGITAL VOLTMETIER TWIST TEST FIXTURE
POWER SUPPLYS

"4

THE TEST SAmPLE MET THE ABovE
STATED REGQL .LF mMELT.

& weeConnecting Devicas
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TEST SAMPLES:

TEST RESTULTS:

tha requirements.

4

THE TEST SAMPLE MET 7HE RBoOUE
STATED LECU-\REMGNT.

TEST ‘ OATT COMPLETED]
'~ & 2
VISUAL EXAMINATION 22 L ZegPoRd |
cnteae 5.1
PART NO. TESTED @Y ":C7 [TEM® AN,
;Qg Egg: éaz
REQUIREMENTS: When testead per the specification all test sam-~-
ples shall meet the reguirements of the applicablq
documents.
PROCEDURES:: The connectors were visually inspectsd to meet

_;S":W.ome;ﬁnq Devices | cov |

58
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HUGHES CONNECTING DEVICES

Yy
DATE STARTED | OATE COMPLETED

;%éﬁ ﬁa Wt =
AG.

cp 1699 | 5.2.5
A" [|TEmP RN
075 32.2‘ ‘zz

TEST
| INSERTION LOSS
. ,
JART NO. TESTED "./r'
REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assemhled to a length of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.
PROCEDURE : The optical transmitter was connected to a dc

TEST SAMPLES:

TEST RESULTS:

TEST EQUIPMENT:

power source. The transmitter was allowed suf-
ficient time to warm up to operating temperature
before any measursments were taken. The raf-
eranca fiber was connectad to the refersnce
port of the optical multimetsr. The tast fiber
was connected o the signal port of the multi-
meter. The currsant power ratio (cpr) indicated
by the multimetsr was recorded. This process
was repeatead for each of the test fibers in each
cable.

PRD (db) = CPR (db) = IPR (db) L

COMPUTCR 85 SQURCE BCXS
DATA ACQUISITION UNIT DETECTCR 8QXS
DIITAL VOLTMETER

POWER SUPPLYS

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 123

&D we<Connecting Devices [ czim | |42
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TEST 0ATE COMPLETED
VISUAL EXAMINATION i.. 32
gnlsea . g 1

PART NOQ TESTED aY/ .- /|[TEMP R.M.
Zcoreé 21 Z‘i 22

REQUIREMENTS: When tasted per the specification all test sam-
ples shall meet the requirements of the applicabl

documents.
PROCEDURES : The connectors were visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the raquirements.

I

THE TEST SAMPLE MET THE
SPEc/FIcATIoN RERAUIRE MENT,

5 weeConnecting Devicas | ooz |, |42
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TEST
8ASE LINE INSERTION LOSS
PART NO.
REQUIREMENT:
test sample using appropriate preparation
tschniques.
PROCEDURE :

TEST EQUIPMENT:

T2ST SAMPLES:

TEST RESULTS:

Prepare a 20m langth of optical cable for each

The baseline measurements wers performed as
follows: The uncut cable and refarence fibers
were installed on the transmitter for a series
of optical power measursments to establish the
initial power ratio for each fiber in the cable
to the reference fiber. These values form the
pasis for all subsequent insertion loss readings.
After the characterization was completed, the
cable was cut and a mating pair of connectors
were installed rejoining the original fibers.

A new set of cptical power ratios were taken to
determine the coupling loss for each fiber. The
insertion loss was the differencs between the
current power ratio for a given fiber and the
powear ratio obtained during the charactarization

phase.

Loss (db) = Current power ratio (db) -
‘ Initial power ratio (db)

COMPUTOR 85 SOURCE BCXS
DATA ACQUISITION UNIT DETECTCR BOXS
DIGITAL VOLTMETER
POWER SUPPLYS

a5

THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No. 28 ‘

@B w~eConnecting Devices [ o7 | [¢2]
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TEST
INSERTION LOSS

ARYT NQ.

DATE COMPLETED

d‘;é?:-‘[.!

B.2.5.

cable.

DOTAL V

TEST SAMPLES: r X

Powar scurca.

P ' ' COMPUTCR 85
( TEST EQUIPMENT:  para ACQUISITION UNIT
- OLTMETER

POWER SUPPLYS

PRD (db) = CPR (db)

REQUIREMENT: The insertion lass of a mated pair of connec-
tors each assembled to a length of cable will
be measured on an individual optical channel
basis. The objective is 1.5 db.

PROCEDURE: The optical transmitter was connected to a dc
The transmitter was allowed suf-
ficient time to warm up to operating tamperature
before any measursments wers taken. The ref-
erence fiber was connected to the refarsnce
port of the optical multimeter.
was connected to the signal port of the multi-
meter. The currant power ratio (cpr) indicated
by the multimeter was racozrded.
was repeatad for each of the test fibers in each

The tast fiber

This process

= IPR (db)

SQURCE BCXs
DETECTCR BCXS

TEST RESULTS: THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.ZoG

&P we<ConnectingDevices |[.coim2 |, 43
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FLEX LIFE

HUGHES CONNECTING DEVICES

OATE STARTED | OATE COMPLETEL
Eﬁ&éﬁ?z 7%5;5;;3
AG.

CD 1699 6.10

TESTED 8Y/ ;- }|TEMP AN,
g -

REQUIREMENT:

PROCEDURE:

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

With the test connectors setup per Fig. 1, the
connector shall be cycled per Paragraph 6.10.3
of CD1699. Monitoring CPR initially and period-
ically throughout the exposurs. These measure-
ments shall not be considered a formal insertion
loss measurement, they should be for verifying
cantinuity only. A visual examination shall be
parformed after each portion of the flex testing
is complatad, paying particular attention to the
cable whers it is protectad by the connector
strain relief.

With the tast conpector installed into a test
fixture par Fig. 1, the tsst connector was then
flexed per PFig. 2 for 1000 cyclaes. At the com—
plation of 1000 cyclaes the connector was rotated
909 and cycled 1000 times in this axis, after
which a visual examination was performed for evi-
dance of deterioration. The test connector and
teast fixturs were installaed intc a test chamber
at 709¢ (¥2°) for a period of at least 48 hours.
The chamber was then programmed to -35% (£39)
for a period of 48 hours. At the conclusion of
the 48 hours and while the connector was still
axposed to =350¢, the tast connector was subjected
to S00 cycles of flex, at the completion of 500
cycles the test connector was rotated 900 and
subjected to 500 more cycles. CPR was monitcorad
throughout the complets flex life tast.

COMPUTCR 8§ SOURCE 8CXS

DATA ACQUISITION UNIT DETECTOR BCXS

DIGITAL VOLTMETER FLEX TEST FIXTURE
PCWER SUPPLYS TEMPERATURE CHAMBER
o MICROPROCESSCR

THE TEST SAMPE MET THA ABoJE&
$TaTEd REQw BE meNTS

MK T e
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, HUGHES CONNECTING DEVIC
t TEST . OATE STARTED | CATE COMPLETED
ISUAL EXAMINATION Tl . =
Vi —— 129 ’
SART NO TESTED OY/ " TEM® R.H.
69 de
REQUIREMENTS: When tested par the specification all test sam-
ples shall meat the requirements of the applicabl
documents.
PROCZDURES: The connectors were visually inspected to meet

TEST SAMPLES:

TEST RESULTS:

the regquirements.

S

THE TEST SAMPCA M&T THE
SPec 1 FrcATio REQU-\REMENT.

&D we<Connecti
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| HUGHES CONNECTING DEVICES

P —————
OATE STARTED | DATE COMPLETEQ

TEST
i INSERTION LOSS AG.
y 2 _5..2_:_\
PART NO. TESTED oY .~ 1‘9‘?. LR B
L5/ 10928 48%
REQUIREMENT: The insertion loss of a matad pair of connec-
tors each assemblad to a length of cable will
be measured on an individual optical chanpel
basis. The objective is 1.5 db.
PROCEDURE : The optical transmitter was connectad to a dc

(_ TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

power scurce. The transmitter was allowed suf-
ficient time to warm up to operating tamperaturs
before any measurements were takan. The raf-
erence fiber was connected to the raferencs
port of the optical multimetar. The test fiber
was connected to the signal port of the multi-
Deter. The current power ratic (cpr) indicated
by the multimeter was rescorded. This process
ml:epatad for each of the tast fibers in sach
cables.

PRD (db) = C?R (db) - IPR (db)

COMPUTOR 85 SQURCE BCXS
DATA ACQUISTITION UNIT DETECTCR BCXS
DIITAL VOLTMETER
PCWER SUP

#»5 '

THE TEST SAMPLE_MET THE ABOVE STATED REQUIREMENTS.
SEE PAGE No.

- —
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TEST SAMPLES:

TEST RESULTS:

the requirements.

»6

THE TES7T SAMPLE me& T THE
SPEC1FIcATIon REQuPRE MEWNTS,

TEST OATE COMPLETED
VISUAL EXAMINATION S—A5 292
cnlias 4.1
PaRT NO. TESTED &Y, ":C)[TEMP R.M.
écars az Z‘i 522
REQUIREMENTS: When tested per the specification all test sam-
ples shall meat the regquirements of thae applicabl
documents.
PROCEDURES: The connectors wers visually inspected to meet

& we<ConnectingDevices [, |,
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1

HUGH§§ CONNECTING DEVICES

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

TEST OATE STARTED | DATE COMPLETEDY
3ASZ LINE INSERTICN LOSS %ﬁéﬂzﬁl
m— cp 1699 §. 2, 3.1
‘ART NQ. TESTED 8Y .-/ [TEMP R.H.
'wmz zzz‘ izz
REQUIREMENT: Prepare a 20m length of optical cable for each
tast sample using appropriata preparation
tschnigues.
PROCEDURE: The basaeline measurements were performed as

follows: The uncut cable and refarence fibers
were installed on the transmitter for a series
of optical power measurements to astablish the
initial power ratio for each fiber in the cable
to the raference fiber. Thess values form the
basis for all subsequent insertion loss readings.
Aftar the characterization was completed, the
cable was cut and a mating pair of connectors
ware installed rejoining the ariginal fibhers.

A new sat of optical power ratios were taken to
detarmine the coupling loss for each fiber. The
insertion loss was the difference between the
current power ratio for a given fiber and the
power ratio obtained during the characterizaticn
phase.

ILcss (dh) = Current power ratioc (db) =
Initial power ratio (db)

COMPUTCR 85 SOURCE BOXS
DATA ACQUISITION UNIT DETECTCR BOXS
DIGITAL VOLTMETER
POWER SUPPLYS

#6

THE TEST SAMPLE MET THE ABQVE STATED REQUIREMENTS.
SEE PAGE No._28 ,

&© me<Connecting Devices Rz
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HUGHES CONNECTING
TEST [DATE COMPLETED
é-a 2-82
INSERTION LOSS AG.
S 8.2 3
~aRT NO. TESTED Y/ - |TEMP R.M.

REQUIREMENT: The insertion loss of a mated pair of connec-
tors each assembled to a length of cable will
be measursd on an individual optical channel
basis. The objective is 1.5 db.

PRCCEDURE: The optical transmitter was connected to a dec
powar source. The transmittar was allowed suf-
ficient time to warm up to operating tamperature
before any measurements were taken. The ref-
erance fiber was connected to the refarsnce
port of the optical multimetsr. The test fiber
was connected to the signal port of the multi-
metar. The current power ratio (cpr) indicated
by the multimetar was racorded. This process
waslrepnat.d for each of the tast fibers in each
cabls.

PRD (db) = CPR (db) -~ IPR (db)

. COMPUTCR 85 SOURCE BCXS
(, t=sT zoummewr:  Eim ACQUISITION UNTT DETECTCR BCXS
DIITAL VOLTMETER
POWER SUPPLYS
TEST SAMPLES: M6
TEST RESULTS: THE TEST SAMPLE MET THE ABOVE STATED REQUIREMENTS.

SEE PAGE No.Jlng8

&O we<ConnectingDevices |2 |, |25 ]
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Al

TEST

TWIST

HUGHES CONNECTING Dgun!lCTMETSt - —
. s D COMPLETED

cDle9g S.12

JART NO.

TESTED &Y R.H.

TEMP
275l 12202 427
lcars A

REQUIREMENT:

PROCEDURE:

TEST EQUIPMENT:

TEST SAMPLES:

TEST RESULTS:

With test connector set up per Fig. 3 CPR
measurements shall be taken initially aad
periodically throughout the cyeling, with these
measurements takea only to verify optical con~
tinuity. At the conclusioca of the 1000 twist
cycles the cable and cable retaining feature
shall be carefully examined for aay damage or
deterioration.

With the test coanector setup per Fig. 3, 1000
cycles of twist cycling was completed. The
connector and fiber cable were removed from the
test fixture and carefully examined for evidence
of damage or deterioration of the cable or con-

nector.
COMPUTCR 8§ SQURCE BCXS
DATA ACQUISITION UNIT DETECTOR BQXS
DIGITAL VOLTMETER TWIST TEST FIXTURE
POWER SUPPLYS

#£6

THE TEsT SimPLE M&ET THE ABovE
STATED REQu\REMANTS

“ - T N N 5 A
CD=-1732 Ll‘l

-2 -} W.omecﬁng Devices
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HUGHES CONNECTING C

DEVICES

TEST SAMPLES:

TEST RESULTS:

S ————————
TEST CATE STARTED | DATE COMPLETED
- -J 2~
VISUAL EXAMINATION S
cnlsa -
AART NO. TESTED 8y _ :“7 TEMP R.M.
s zgzo 5!’
REQUIREMENTS: Wwhen tasted per the specification all test sam-
plas shall meet the requirements of the applicabl
documents.
PROCEDURES: The connectors were visually inspected tC meet

the requirements.

# 6

#e TES”T SAMPLE MeT THE

7 -
REQUIRE mEN S

SPEci FreaTion

| S

nnecting Deviceas oSl
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tamE D mil L 22mELZ wl T
VEET TIng 95-24:3%5:11073 TEST TImaE 34 I408%:il
LURRENT RECQRCE L3 LURBSNT SECJRDs s
MAMITAR GDLTRGE ~l 1 LEZE-9B3 MONITSE JOLTRGE 2. 7%
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TLNITOR VOLTRGE 1 3T2E-942 NITOR MOLTRGE 5 15
Zl.LBR FACTOP=3) TITT-99Z SOWER TALTOR=2TS . 1%2E-

CrAN LINK FIBER CONN 2 WS TNK =12ER

i L 28 Lagy MO Cag L dB >
: -1 38 - 3G -1.3% . -y 37 - 24
3 -1 33 - a2 -1.14 z -1 .32 - a9
X -1 I8 -.9: =137 < - 83 - a2
< -1 .25 - g3 -1.!3 < -t 13 - 31
T -1.1% -. 94 -1.13 < -1 =% - 2
3 -1 32 - al -1.33 S -1 85 -39

PCST 250 CYCLZ DURABILITY

=5
SE-3al
@9az
»u
3
-t
&
-1
-1
-1
-1
-1

DOl

Im

134
by
.Y}
[}

ha

[¥]
[o1]

[ I A |
1L e r s g s g

+

B dolod 1o &
[TEX TR Ty

o
C.
r 4
z

- ———
& 2D 17
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#
LAMELE NGO L samEl 2 NT T
SE5T TIME 95:34:14:55:33 TE3T TIME 9938 18:38:05
LIERENT RECORDs 9 .. CUREENT RECORI= %
MINITOR HOLTRGE ¢1‘1955391 MONI~AR WOLTAGE =2 TSIE-993
POWER FRCTOR=SET I5@E-202 FOWER FRCTOR=3E $28E-9623
“RAaN. LINK FIBER CONN. CHAN LINK SIRER CONN .
N B (387 1= NiD . w12 4 1-D LEB
: -1.3¢ +. .21 -t.2 L -1.5% ~. 92 -1 .53
2 = 33 -.23 =31 2 -1.53 - 3L -1.5:
3 -1 a3 .23 -l 1z z -1 IS -. 39 -1.38%
s -.29 +. 93 ~.33 < -1 33 ~. @9 -1.49
2z -1.583 - a3 '1.'5':‘; c -1 58 - a7 -t %8
5 -1.28 -.982 -1.38 s -1 s - 32 -1.43
IHMELE NO 2 SHMPLE NG, &
TEST TIME 26:24:14:35:32 TEST TIME 95:34:14:35:17
—_ TURRENT ?ECDRE= S . CURRENT RECOROD= S
(‘" MIMITOR WOLTAGE +1 374E-992 MONITOR WOLTRGE 5. l<SE=-983
FOWER FACTOR=SL . IB4E-08Z POWER FALTOR=TS S8BE-GOZ
Than. LINK FlBER CONN. CHAN.  LINK FIBER CONN.
MO . X-1- ¥ {- P B MO -1-F ‘dB) -
1 -1 53 - 32 -1.823 : -1 2% +. 0% -1.33
: -1.3E - 32 -1.4! ER ¢ a0 i
s -1.23 -9 =i.2¢ S -1 g% - 92 -1.93
4 -1.17 -. a7 -1.11 1 - w3 -] -1.939
g -1 13 -. A4 -1.1¢ s -1 32 ~ 34 -1 28
- -1 43 - 22 -1 43 3 -1 T - 29 -1 7

POST 500 CYCLE DURABILITY
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—— —

f‘u

|
TRMFLES ND SSNF;E NG 3 !
TEZT TIME B8 .2%:22:13 23 ; TESET TIME 95:2%:232 13:%% ‘
CURRENT RECORCE & i TUREENT 2SCGRO= 5 !
MINITOR WOLTRGE »! {1vE-9a2 MONITIR VILTRGE «2 . TI1E-333 §
SOwER FRCTIUR=ST 8eSE-vel FOWER FRALTOR=SS 175E-8562 l
CHAN LINK. FIBER SONN. CHEN LINK SIZER CONN. |
N . LB s LaBo 1= ' NiD i 1- 3 (28D (B2
: -1 24 -. 23 -1.2§8 | : -1 5i -. 21 -1.%3
2 -1. 2% -.33 -1.33 " 2 -1 53 .. a3 -1. 71
3 -1 33 - 37 -1.31 2 -1.3§ L B -1 .38
< -1 3 +. 93 -1.37 < -3 %3 - 3 -1.589
o] -, 25 - 3 -1.23 s - 78 - 2% -1.72
] -1 2T -. 23 -1 s ~-1.%3 - 31 -1. %4
TAMPLE ~O 2 . ZAMELE D 4
TEST TIME 95:2%:32:13:42 TEST TIME 95:2%:22:14:39
LURRENT RECORC= &8 CUmRRENT EZVUPDS 5
MONITOR uuLTRhE +1 . 371E-382 MONITOR WOLTRGE «% . 13:12-383
SOWER SRLTOR®=S: 915E-902 POWER FALTOR=TE ST4E-382
THEAN | = INK FIBER CONN. LT LINK FIBER |0NN
N . . 1- 30 41—} CdB IV L8 =8 B
1 -1.93 +~. 83 -1.54 . i -1. 34 - 24 -1.38
2 -1.13 - a2 -1.17 2 - 51 - 91 -. 52
3 -1.43 -.5! -1.39 | oy -1.71 -.32 -1.58
4 -1 23 -. 97 -1.22 | & -1 13 -.a2 -1.2
b -1.13 -.2% -1.18 | z -1 823 - -1 .43
s -1 42 L 1] -1 44 = -1.72 - 9t -1.72
PCST 750 CYCLE DURABILITY
@-— T 'l Devi ed 1732 8.
=7 Connecting Devices 2
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-
-1

-
L]
o
1y}

! LASEedRZ
£132-932
=:3EF SO
L2 1=
- - 3a .32  =1.36 - -, i@ -.32 -1 50
- - R B -4 . ; - ; = 2 o 2
2 -1 11 - 32 -1 ‘_'3_‘3 z -i.33 ‘P.@‘_: ;2‘;
= -1 39 -. 33 -1 3IZ z -. Is - 20 TioZe
2 -1 33 - -1 43 r -1 23 - 22 -1.%2
z -1 EZ + 30 -1 23 < -1 %< - @ -1 &%
= 122 30 ; : . 32 -1
3 -1, %3 -.32 -1, 43 E -1 3 - 31 .
s &
SME B5:2%:19: 4221 35 2% 1@ a8 ]
- :“x'-Pﬂg |.
WT RZCORDa CoRQw .
l"ET"wGE ATE=-992 LTRGE =3 z_»:w;.-::uaa
TOR: -a8z DR=TE 25SE-aB3

]

’

»

1

Q
. U
N

Y 4]
<

n St

Qo QoA

————

RAN L INK BER CONN. N "1BER CONN

337‘ -:Ng o 1- LdBl £ 1R LaE

3 33 153 12T - 2% -1 2%

. - o< - ¥ -l 2o L - e L s =2

P Ii%a 51 -il3: RS - a1 -1.3%

= -1 3 -2l -1 22 z -y Bs -.az -1 83

3 - iz - a2 - oot a -1 5" . 31 -1.23

= -7 iz -. 2% -1.67 = - Is - @s -1.3t

3 -1.43 . 29 -1 34 s -1 72 - 39 -1.7t

- POST 1000 CYCLE DURABILITY

) GRS A
o— ao— . Y ,.-Qb 17325.,.. - Wi _.8,3 -
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[ R 4 [ e -ih
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e oy o = A+ vt e B - At - i+ e ©

~ ————

%
-1
)

i)

-1 1@PE-932
TIeg-dal
sisz= DG
-1 LAB
i -1 2= - 32 -1 3 PCST 450 CYCLES
3 - 23 - a3 - 32
) -1 17 - 32
< - 37 - 37
< -1 23 -2
3 -1.23 - 33
:Eh=;s NI
"3 IME Ba 24:12:%9: 17

CURPENT RECDRQa 4
MONITAR UOLTRSE «1 . 1aTZ
SOWER FRCTOR=2T SSaS-992

1t

)

THAN. LI Nk, FIBER CONN.
. '-T,:s,m CaB 1 POST 500 CYCLES

= : - 24 - 92 =123
( : - 53 -.93 - 5t
: T -1.83 - 33 - 12
2 - 3% -.33 - 33
T -5 - 36 -y 32
5 -1 23 - 32 =135

[ DO
TME 95 2¢:1%:14:23

FPD:
TRGE

DPwic STEEIaa: PCST 550 CYCLES

LN e i MK FISER SN
i L a8 - 1

. -1 &% - 2z - it
2 - 23 - A2 -
B - 1% - 33 -1 i
- - 15.5( - Ja - .;?
z - T2 - 2 -y T
< -1 7 - 3L -1.2s

_&D et onnecting Devices 25272 | 8s
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POST 750 CYCL=S

LERALLALY Bl "2 ]
Clejel et o)

ERL AR IR SRV Y )

RISy
B AN )

(AL IR R T
[ 2l T 0 K X R |

-t
'

et by
'

eterheny o ety

L

POST 800 CYCLES

o] o
XS RERL AT Y B

Al 2t ICEE BPEL I |

CLOPEIIID -0
%SO D e

RENEY

(- D0
jal N Ra b o B

tedt ot § =t g

vy g Wi

-
En
LT}
g

POST 850 CYCLES

N Dol '

DR I R I R ]

LI I I I A}

e 9TH T e

L B B J

L CRTRL TS P o ]
ERT DY I
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PR
z -1,
3 -3
5 -
-1

ZAMPLE N

TSET TIm

LURRBENT R
MOMITIR W
SOWER FRAC
) -
Nid g
R -3

2 -

- -

= -

s -1

(U TLY DSl
[V ¥] S TTOURN: Y
T I A
S
[l Y Y

[
&
DO
e

(WD)

i Lkl
W

11 d
SO

g +

)

[y X

T

mw

(SR RN Y Ay A)
Y b T
€« § 64 & ¢
) .s. WA ;:u

[T Ay By 5

"jB'

-..13
-1 A%
-1 Z&
-1 .31
-1 %%
-1 32
- - -

23

E-332

23
CONN
CAB
-1 .23
-1.3d
-1.32
-1.91
-1.41
- o
- e

-

ot

-2

33
CONM .
ST
-l 2%
-1 22
-3 23
-1 3B
-l dad

POST 200 CYCL=ZS

- POST 950 CYCLES

POST 1000 CYCLES

weeConnecting Devices
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SEHMELE Mg 2
TEIT TIME 9832401336 @
JUSSENT RELIRR= &
MOMITIR WQLTRGE =1 ATIZ-9u:
SOWES FACTURSSY 298S-ai3
THAN ~1NK FIZE® SN
NG 1= 38 L a8
-
. -1 4% - a- -~ as PCST 300 CYCLES
2 -1.29 L -1 2t
K -, .33 - 2l -1 I3
< -1 33 - a7 -1 27
f -1.37 -&5 -1 .:
< -1.33 - 31 -1 3«
SAMPLE Mg 2
TEEY TINE B8 23:1%:55:97
TURPENT RECORC= 4
MONLITIR UOLTRZE <1 ATSE-992
FOWER FROTOR=S!  343E-942

R CORN POST 350 CYCIZS

i -1 < -3 -1.57
- - Y N . 4 -
- i ] “.QL -l .4n
3 -1.33 -.9: -, 22
= -1.22 - ay - il
] -1.39 ~. 42 -1 2%
5 _ =1 32 «. 3 -1.53
o, 2

NG 2
IME 95:34:12:34:33

CHRRENT RECORD= &
MOMITIR WILTRGE +1 .9
EOWER FACTORwS: IEIE-#93
OWER FACTOR=: 3332 POST 400 CYCLIS
SwAN.  LINK  FIBEP

N - 1- B 2B

3

b -. 29 - ag -1 2
: z :

2 -1 323 - 31 -1 3
< -1 - 0 - T
z 1 Zs = b
a -3 - av -t L
z -1 ¥ - 3% - 2
= -1 . 5% - 3 - =

Sy -

&P meeConnecting Devices |[2D 1732 8%
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———

e = - - —

POST 450 CYCLZS

: -1.95< -, 33 -1.52
z -1.%8 - 2l -l
T -1Es - A -1 =
& -1..3 ~. 07 -1.1:
< -1.2% - Bl -3 .23
" -1.85¢L - 31 -1 Si
tRAMPLE MO 3 -
TEST TimME a5 13:18:13
SURRENT RECORD= &
MONITOR WOLTRGE *1.§r5=-622
SOWER FRACTOR=S) 434E~-982

e
o
p 1
z
~
s
z
X
-~

2ER SONN. PCST 500 CYCLES
B>

(Y 2

- L ~1.33 -.a2 -
2 -1.7% + 32 -
2 ~1. 24 -.91 -
< - ..'5 -.'au’ -
< -1 1 - ga -
2 Y - a1 -
samELE NGO ) o
TEZT 18511738

TImE 32 24
0

SURBENT RECORC=E T .
MoNITOR YOLTAGE =1 SE-933
2JuEr FACTOR®S. ISTE~ARZ
ChenN . I NK FIBER CONN POST 550 CYCI=S
“i LB 28 -1
- -1 Az - .28 -t &3
3 -1, 18 - 2L -y 14
z -1 Il -9 -..30
N -33 -iud )
Z -1 13 - 2% - L7
2 -: == - a9 - T

a2 . A i .

& weeCcnnecting Devices (1732 |, |52
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AlY AL32 00R

UNCLASSTFIED

ULTRA LOW LOSS OPTICAL FIBER CABLE ASSEMBLIES voLume 2
(U) 1TT ELECTRO-OPTICAL PRODUCTS DIV ROANOKE VA C HAND
07 JUN 83 1I1T1-80-22-07-vOL-2 CECOM/DRSEL - TR 78 29221 )
DAARO7-78-C- 2922 /G 17/
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e 2
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MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS - 1963 — 4

— e At o, iy . amn_




’.'.'::::4 Za:le- T2 T3
JJFSENT SE22RTe T
MANITOR WwOLTRGE -i ATIE-9AZ
PUmER TACTOR=H. 1E3E-98l

-0
m
n

.

U

r

Z

4
(=
"’
w
(Y
W
"°

m

! -1.42 ~. 94 -i.s2 PCST 600 CYCLES
3 -1 9% -. 32 -1 Qg
z - 33 -3 - 3T
- - 31 ",I:ls. -1 L
« -, .18 - as -1 ag
s -1.8t ~ 3l -, Iz

e
w3

-'u

[ L]
32z
mos
5
T o
(5Y
e
-
]
LY
R
[ 4

']

LURRENT RECIORD= ¢
MONITOR VOLTRGE <! 37IE-993
FOWER FRLTOR=S:  (TTE-983

CONN.
LEB

(]
C
o
2
-
>
z
-~
-1y
oy
-
R U

2 e

PCST 650 CYCLES

X -1 47 ~. 39 - a7
- i -1.985 -. 92 -1.8%
== K -1.43 -.95 -i.42
( 2 -1.2% -37  -tl:3
- T -1 @i - s -1.3%
3 -1 <5 .91 -1 a3
SAMPLE NI I
TEIT TIME 96:24::7-23: 37

LURRENT RECORD=

MOINITOR WOLTRGE -1 IT4E-3332
PORER FACTOR=S . I3TE-902

-

¢

[
T
2

SHfaN = INK

NO TS PCST 700 CYCLES

X!
w

. - € -1 82
- - ‘o - - - -
S

s 1 v ¢ '

- -1.11 e e
= - % -t =z
- - . e - -
E . - . - -
s -..3%8 . S
= PR Pt
- T e ee - =
- -l @7 - e
’

—;@ Monnecﬁng Devices - Lbﬁiz}%-w';—cv leg
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P i [
TEIT TIME 25:Ze
CWMRERENT RECOIRDs
MOINITOR JOLTAGE
POwES FRCTUR=S

Nl LIN

MO 1=l

i -1 %2

& -i.18%

3 -1 45

4 -1.27

< -i.13

S -1.43

SRMPLE NC 2
TE3T TImg 95 239:

LURRENT RECURDa
MONITOR VOLTAGE
POWER FACTOR=Sa3

THAM.  LINK
NG . »3B)

1 -1 95l
2 -1, 33
3 -1.32
4 -1.21
b -1.13
] -1.943

INE @5:235:

CURRENT RECORD=
MONITOR WOLTAGE

SOWER FACTOR®SY .

CHEaN LINK
NGO . [-1-D]
i -1.587
: -1 @8
3 -:.28
S -1.13
4 -1 1%
< -1.323

e e — . cmaas c——

"
w
ol
L]
’e
[}

-3

-1 9TIE=952
LHSE-3a3

TIS=R SN
DR~ 1= 2B
- 33 -1 %2
* 93 -1
-. 9 -1 3=
- 33 - i3
~-. 3% -1.37
-.91 -i.9¢

A7 42: 32
]

-l ASFE-3B2

3TSE-002

FISER CONN.

-1 -1
-.89 -1 51
- A2 -1.78
-.91 ~-1.38
-.av C=-1.14
-. 35 -1.8%
.. 23 -1.4!

B3:90:33

s

-1 AS3E-982

362E-382

FIBER CONN

LdB LB
- 30 -1.87
- 32 -1.32
- 31 -1.23%
-, a7 -t 4L
-.9a -1 13
- B2 -1.a

PCST 750 CYCLES

POST 800 CYCLES

POST 850 CYCL=S

vaw
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e
3
(U]
DX
Jaos
[}
(X ]
0%
(Y1)
.
3
.
“we

L4 TURPENT SESIgRLs &

MNITRE WOLTAGE =1 42F3E-232

CGWEF TALTORmdn S%4E-38l

TS = INK SISEF CONN

NIZ, caB 28 287
: -. 78 L1 - T8
3 -1 37 - a2 -1.3% e
s - 2% - @3 -1 22 POST 900 CYCLES
< -1.13 - a7 -1 i}
< -1 i7 - 2a -1 i3
3 -1.43 A =i %5

SAMPLE MG &

TEST TIME 98:2%:92:99:237

#EMT RECQRO= S
MONITOR YOLTRGE +! 953E-992
PONWER FRITOR®3G . SITI3E-903

CHAaN . LINK FIBER SONN.
NJ. (7~ ) -1-F) =10

L -1 83 - 99 -1.%9 PCST 950 CYCLES
Z -1 37 -+ 32 -1 33 : '
= 3 -1 31 -.9: -1.38
' 4 -1.17 - a7 -1 12
% -1 i3 -. 94 -1 .1
3 -1 44 - 29 -L . 4

SARMELE NO &
TEST TIME 26:2%:99:41:17

CURRENT RECORD=
MONITIR JOLTRGE +
POMER FRCTOR®33 . 3

CHAN.  LINK  FI .
N . 3B’ L@ X POST 1000 CYCLSS

L -. &3 - 96  -1.83

2 -l . a1 -1 %3

3 -l Ze -1 -1 s

FOEEYEEY | -9% =137

T - i3 - 94 =i 85

3 -1.43 - 21 -1 4a

e ————— g —— -

ed 1733 B
~ & weConnecting Devices |22 K

B=-97
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1213 e
*2 T23E-903
SEEE-2al
FIBE?F SOMN
L350 K
, -y - W -1 . %0
Z -1 33 - 9 -1 43
= -1 =2 S -1.%3
1 -1 41 - 91 -1 42
. -1 87 - 95 -1.%5¢
2 -1 47 -. 33 -} 43
SAMFLE MO T -
TEST TIME ¥5:24:19:F1:323
CURRENT RECORS= &
MONITOR WOLTAGE =2 T+72-993
SOWER FRCTUR=26 TIZE-822
g L1 L INE FIZER CONN
N - -1- N 1K

: -1.33 -. 99 -1 . &8
2 -1.%3 - 91 -1.32
3 -1 233 + @2 -1.322
<+ -1 4% L 1) -1 .35
< -1 23 - av -1.34
5 -1.4% - 39 -1.485

SAMPLE NU. 3 .

TE3ST TIME 95:34:11:135 44

JURFENT RECQROI= 4
MOMITOR YOLTAGE +2.
FOWER SACTOR®2T AB4E

CHAN .

.
»-
z
>

i | ]
Tl
mw
-
]
)
[a
z
z

NI 15 J-K
. - &3 - 2z ~-i &7
2 -~y 7% « 31 -
- K -1 2% - 22 -1.38
s -1 9 - A9 -1 .43
< -y % - av - T2
J -1 T - 29 -1 .3

POST 300 CYCLES |

POST 350 CYCLES .

POST 400 CYCLES J

& meefonnecting Devices -
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seMPLE ML T e .

3iT TIME §9:34: 13027 2T

JUmEENT RECORCE &

AINITOR WLLTRGE =2 THIE-9RS

SOWES FRLTORe®S STBE-d082

-EN LINY SiZEF SONN

o - 13 Ll
: -1.%8 - 35 -:. %@
2 -1.%93 -. 32 -1 =23
s -3 32 - 2 -1 29
@ -; T3 - 30 -i. 4]
< -1.78 - 3% -1.84
5 -l 34 - 3z -l.42

samPLE Noo 3

TEIT TIME 35:24:12:%7 23

SURBENT RECORCs
MONITOR VOLTAGE

POWER FACTOR®SS T4SE~

CHAN.  WINK TIREP CONN

N 287 1= > 1-X
: ~1.%2 +. 26 -1.%52
2 -1 a3 - 2% -1.59
I -3 36 +. Be -1.38
4 -y .48 - 31 -1.4!
] -1.8¢ -. 99 -1.50
5 1. 4% - 22 -1 48

SAMELE NO. O

TEST TIME 95:24:22:%6:13
LURFRENT RECORDO= 3

MONITOR WOLTRGE +2. Ta415-993
EOWER FRCTORsSS. Sz3E-d82

CHAN.  WlMK  FIBER  CONN

ND . 3By E B>
i -1.%3 ~. R - %e
: -1.%% - 3! -1 8¢
T -1 3% -8 -1.38
< -1 s - 32 -1 .41
g -1 7S - 3% -1.95
o T - 33 =1 a7

S0ST 450 CYCLES

POST 500 CYCLES

PCST 550 CYCLES

& weecnnecting Devices

B-99

ed 1732 | | 95

pens




e

i
LI
e

LAmELT NG 3 .

TEST TINME 95:2%:99:15: 33

LURFENT RECORS= % __

meNITOR WOLTRGE +2 TISE-28S

SOWER 'ﬁC’UPt-n,254E-BU:

LEEN i NEK FI3EF CONM

N -1 -1 1o
i -1 %53 - B9 -1 3%
2 Tt +.AL il POST 600 CYCLES
E -3 45 - 09 - 9-.'
a -1 %3 - A1 -1.58
= -1 £ - B - .22
s -1. 43 - a1 -1. 43

SAMFLE NO. 3

TE3T TIME 95:2%5:99:45:37

LUPEENT RECOROD= 3
MGNITOR VOLTRGE +2.7 BE 99'
PCWER FRCTOR=3s .13

CHAN  LINK  FIBER  CONN

NG . §-1- POST 650 CYCLES

1 -1 5% - 26 -1.%6
H -1.37 - 32 -1 %3
3 -1.48 -.91 -1.3%
4 -1.54 - 1 -1.%4
s -1 77 - s ~1.7L
5 -1.45 * 91 -1 a7

SRAPLE NU. 3

TEST TIME 95:2%:21:43:9%

TURBRENT RECORD= I
MONITOR WOLTAGE -2 . 73ISE-993
POWER FRCTOR=SS 295E=-492

CHAN . LINK FIBER CONN.

NiJ . LB LdB 1= PCST 700 CYCIZS

: -1 %8 - a1 -: %%
2 -1 <4 - 33 -1 &g
K -1.3% - 28 -1 I8
< -1.5% -. 31 -1
< -1.65 - as - 23
< -1 %% - 39 -1 =€

Y

&D weeConnecting Devices -fEha 2 — |-

B-100

Sa
PaGE




- Lt

i

SRMEFLS ND T )

TIST TIME 94:2%:92:93 23

L USRENT RELORC= O

WINITOR WULTHIZ +2. TTLE~993

PrWER FACTOR®SS 2T3E-243

Tl wIME FIZER CONN

Mg - >3- -1-5
1 -:. 82 -9 -1.%2 -
2 -t &y - 32 -t TH POST 750 CYCLBS
3 -1 I -.9¢ -1.37
4 ~i.%53 - 99 -1 %2
< -1 77 - 33 -i.7l
3 -1.53 +.31L -1.33

SAMPLE NU 3
TEST TIME 205:25:3%:35:3%

CUMRENT RECURD=

3
MONITOR YOLTRGE +2.V15E-9R23
POWMER FRCTUR®3S S515E-9362
LHAN | (4, 1% FIBER CUNN.
NGO . N (B 1K POST 800 CYCLES
i -1 %2 -. 38 -1.%2
2 -1 %% - 33 -1.%
3 -1 33 .. 21 -1.4a8
< -1 %4 - .22 -1.%%
b -j s - 9% -1.3!
3 -, %5 - -1 ST
iBMPLE NG T
TEST TIME 9w :2%5:35:14:239
CILRRENT RELORD=E &
AGMITOR YOLTAGE +2 . T13€-993
OWER FALTOR=IS T3IZ2E-992 POST 850 CYCLES
SRAN. INK FI2ER CONN
W) - -1 O 1-N
. -1 %< - . 29 -i.3%a
2 -1 9 «. 37 -1 . 5%
3 - &L - 22 -1 42
-+ -, 7 - 32 -l 2%
< -7 -.23 -1.5%
3 -1. % - 31 -1 %2

- cwrm -

& we<ConnectingDevices [S2273 [ |27
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]

S A5:32- I
F
,:’,
-3 TITE-293
STIE-a92
cHaN LINN F13ER SONN
N >3- 8 )
: -1.%5 - B3 - PCST 300 CYCLES
z -1.%3 « a3 -1.58
T -l 47 - 32 -1 &7
- -1 53 ~. 9z -1.%%
. -;.53 -~ B8 -1 a7
5 -1.3% . 22 -1.a7
SEMELE NO. 3
TEIT TIME 95:2%:3%:43:23
CLRFENT RECORD= .
MONITAR YOLTAGE =2 . T13E-993
SOWER FACTOR=3% TI2E-302
CHAN LINK FIBER CONN.
N LB e {48 POST 950 CYCLES
= : -1. %7 -.91 ~-1.57
i 2 -1.51 - 32 -1.83
o -1 &7 - @1 -1 47
it -1.%3 - 93z -1.54
z -1 S5 - 85 -1 43
3 -1.a7 .32 -1 43
SRmaLE MO, 3
TEST TIME 95:2%:97:1%:34
TURRENT RECORO= 5
;gnz'ag éaufnag ~2.713E-303
WER FACTGR=2S $a4E-982 :
= soe POST 1000 CYCLES
LemN LINK s18EPR SONN
NG a8 387 Td8 )
- -1 »a - a1 -4 37
: -1 == * 32 - %3
2 -1 83 - 33 -1 ad
s -1 o3 - a2 -1 3
x -1 3 - 32 - 82
3 -1 < - 22 -1. 47
p—-J 3 . ~1. N A -~ - -
&GP weeConnecting Devices |gd27%2 - | |78

NUMEER
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L

SAAELE WL S
T2zT TIME 952807 T3V

TURRENT RELORIs 4
MENITOR WOLTRGE <% LSIE-0RT
ZOWER FACTOR=TY 2TIE-282

Dt T LINY FISE¥ CONN
2 . ,:9 1 3 .ﬁs t f is M
: -1 32 - 25 -i.33 POST 300 CYCLES
: -1 i3 - a1 -1 i3
K - Ll -.9: -1 22
- - Lz - 3@ -t 32
b -. i3 - as -1 75
3 -1 T - 39 -1.7=

SRMPLE NG 4 -
TE3T TIME ¥3: 34 23:2

[ 3 A
no -

. ]
GTn ma

[ L N i
QOC
EZX
[ laky
a-m
-1
wz oo
DR S B L)
[,
~§6a D
AP 8

-mAN. LINK  FIBER  CONN .

NG . (2B} e 8B -

, . ’ POST 350 CYCLES
. -1 32 + 9%  -1.3%
3 -1 33 « 31 -1.19
s 3 - 23 -.93 ~. 52
C 3 -4 -ar -1t
z -1. 7% ~. 93 -1 .58
5 -1 T3 - a3 -1 73

S NG, @
TIME @5:324:83:35:37
N

CURRENT RECORCE= &
MONITOR WOLTRGE +5.133E-303
2OMER FACTOR®TE.TT1E-982 -

POST 400 CYCLES |
CHAN . i INK F
NG Cug ‘“

3 -3 @i - i -1 a8
s . . T ) <
@ mﬂc?,onnechng Devices ].S‘,-,B,}.”; Lev PAGE
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TemS 2 g <
TIIT TImE o7 e
A
T 22ZeuT RELIALS
[ ad ».‘:“ !...n:;_‘__'":E
TLwES FALTIE=TI
' o o . Z_.-n
N Ll
- -1 23
< -1 B3
= - =
B -,
< - 93
> - e
- - - e
= -1 T
TAmPLE NC. @
- - .. .
TEST TIME 98: 2

CUREBENT RECTORLDS
MENITOR YOLTAGE
PGWER FACTUR=TT.

Chan W INK
M vdB

: -1 12
2 - .39
2 -1.1%
< -1.3%
3 -2 3%
< -1 43

<

NT RECORD=
“OR WOLTRAGE
FACTORP=TY.

I o

r E
[ L1
b U

e LINK
N . caBr

. =
: -3 2%
z - 31
K -1 %
=3

- -l .22
« - ®
bt PR
-

- -1 %2

g @
iME 98:34:233:

3oLa I%

ES

% {TEE-9a7

TTRE-anl

SIZER SN
48 - 25
- 3% - IT
-. 31 -2 a3
- 2 -1 23
- .29 - 3%
- Bs -, 23
- 31 -.. 72

FIBER TONN
130 487
» 2% -1 .29
+. 31 -3
-.31 - 12
-. 31 -1.33
- 94 - 3&
-.99 -1 43

[
(]
[
fo
P
Y |

AW

A+
®
“m e

FI2ER CONN
v 4:5 1=
-. 2% -1 29
- a1 - 33
-2 -1 3%
- 3t -1.43
- fa -1 %2
- A - a¥v

POST 450 CYCL=S

POST 500 CYCL=S

PQST 550 CYCL=S

&P ~eefonnecti
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gRmE S NI S

EIT TIME 95:2%:99 13 <42

LURFESMT RETORIR I

MANITOR WOLTAGE +¥ 12180983

SIWES SACTORaTE SITE-9al

LA LIiNe SIBER SONN

B a8l -1 g
. -1 3% + 4% -1.33
3 ~-. 33 .. 81 - 33
z -i 33 -. 82 -1. %%
< -1 38 -.29 -1 33
< -1 %3 - B4 -L &3
< -1 73 - a1 -1 72

FAMPLE oG, @

TEZT TIME 95:2%:99:40:32

SURPENT RECORD= 3

MONITOR 4OLTRGE +5. 12S€-%a3

POWER FACTOUR=TS. SB4E-2EC

CHEN . LIk FIBER CONN.

@
w

3 -1 Ze + 0% -1 .23
2 - 7 - 91 - 23
: -1 83 ~-.82 -1.38
3 -1.32 -~ a1 -1.21
s -1 €% - 84 -1.53
3 -1.72 - 39 -1.72

SPMPLE NEC. &

FTIT TIME 95:2%5:91:43:13

CURRENT SSCORO= S

MOMITOR WOLTAGE +%5 13I2E-393

20WER FACTOR=TS.63%55-9a2

HAN LINK F1iSE® CONN.

D . L 38 ) 387 1=

i -3 T - B - I8
2 - > - 31 - 20
z -1 .2l - 32 - =3
4 - « 33 -1 38
b3 -, T ~ Ba -1z
5 - 23 -~ 2 -1 4T

POST 600 CYCLES

POST 650 CYCLES

POST 700 CYCIZS

U
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I

'

5

‘"

e

- - a7
- BVeraz
=
T _13TE=aa3
TTE-ael

S Ohibe

)
u

[
mim

DT

- ’5.33 ‘_E‘-".
- - 31 - a9
E - Te -.az
< -1.13 -.93
- -.. %2 - @3a
2 -1 T2 -

SRMELE NO
TEIT TIME 9629953
JISTENT RECORDa
MOMITOR WOLTROE -+
SOWER FRCTOR=TY @
Maialy LINK F
T b "-‘Sx .
. -1 2T
I - A
s e
> -1 i
< -L. i
b S 1
3 -1.73

LY XL T

A
M e
il

o w

12. ¢

[ I ]
R Y0
[adE W XTI

"~y
32
m
[\{
[y A
(D)
(4]
&
[
~
r3

LUREENT RECORD= g
MOMITOR JOLTRGE «% 12
#UWER FACTOR=2TS ZSSE-
ThfN LINK FIBER
“§an A8 1§
. -1 2 -3
i -1 29 .3
z -1 i -9z
- -1.13 -3
< -. £4& -.Bs
= -1 Ta - a3

+« -
- T
e o
- 3T
N .o
-l =7
P
-t
PR
- =
- . -
-t W
.V o

O
[a]
z

P4

LEE

- 2s
- . -
-1.99
-t
- . e
-..149
-1.41
-1. 73
ot
- o
93

SE
om
(x|

CONN

13

- " E
1.2
. YR

=L gl
©oLa

-. Pl

-7 1z
PR e

- S0
cs

- <&

PCST 750 CYCLES

POST 800 CYCLES

POST 850 CYCILZS
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(1]
=
Ts
[}
¥
[
[

LVRRENT RECQRQ= £

MINITOR wOLTAGE +% 113E-983

SOWER FALTOR=TS S19E-dal

THAN -t FizsER ConMN

NGO 28 LB o 1-N
'-. -1.2s ~. 33 -5 &% °
: -1 25 - 31 -1 a1 POST 300 CYCLES
K -1 23 -~ 93 - 24
< -1 Ga L) -1.39
b -1 3% - .98 -1 31
) -1 71 -~ 23 -1. 71

LJRRENT RECURG= &
MONITIP wiLTRGE +3 113E-4a3
PUWER FACTOR=TS S@QE-392

g
ER  CONN.
} - dnt

13
Lf}

=

3
PCST 350 CYCLES
1 - .53 - 25 -1 28 .
= -1 38 - 3t -1 3:
a I -1.23 -8z -1.28
‘_ - 4 -i.1d - a2 -1.1:
5 -1.%% - s ~1.82
5 -y T3 -l -1.75

Q. <
TME 95:3%:97:432:99

§
< 1238-993 .
S2E-ae2

EF CONN. POST 1000 CYCIZS

“id -
1 - g L -1 37
.'; -1.99 .. Qi -1 32
3 -2 % - 42 -i .
i a -1 o - 3 -1 2T
: -1 %2 - B - It
3 - -3 -3 -1 T3
o : i ey 12732 ‘ © |2e2
| G weeConnecting Devices |55, e 222
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14l I3 i
: i
-1 2IAE-9RL ,
ALTT=9wd
=I8EF TN
S L uE
- 22 - - 3
". - KRS - "'3 -t -Z'f
- - I - 2= - iz
- - = - <
< -1 % - 33 -t T
] - %3 - aa LT ows
3 - 33 - 37
SHMPLE MO o . i
TEST TIME 9% 2%:14 1it1l@
rURPENT ’Etjljiﬂ‘: ;3 - Cm
CURPE? ORE= 2 L .o_s42
' ASNITAR MOLTAGE <32 "+38-993
FOMER FRACTORSRS SETZ=B%
. cems e
CHAN . LINK = 1EE CONN
" - 1- M) 1N Bl
- e '
: - 3l Ry oz l
2 -1 ::" - 32 -1 I% \
B -1 &k - @ -1 %D
Io-iz I £
. D oE: - af >
R T L -1 7 !

PRE IMMERSICN
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A RUTES DAL U z - .J..ﬁ..ﬂ".“u"...u.. v '
Z T . zZm i .
o DR} BU BUAUN B | D) NEAR] PN AR
, e e ! ' ! "5 [ | [
o w
wo e oo 1 v
o) LI (B W
B ] . N 4D - e
] a0 (1% CRLEC L I R " W 0w XY el c
[ D1 1) I 11 I LRESI TR L] s L' 1T TS BN T DA o
EEN (T} : 0 mm . - =
DN I J B T I N N B | B DD AT b v
LT N Y N T b S = S . m e
TR K TTR ) m Awm D
bt oy .u............ m ”
fhoorm . wier
EETTTREY R PR LLRY L R R UK | I I L Wheand o ey g ~
BN ISR | | LT O L DU | e SO X oF B O MO R m n 'J
[ DK et WCel- v 78 ogom
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L INK

-

LI N I I I |}
o b e= g e

DY R NI DI

-i. 88
-1 13
-1.392
-t T
- ‘)
-1.22
T
PR s

DL E NS I

rECORD= 1
UOLTRGE +
CTOR=10.2
LINK F
L] & [

PCST FLEX

5 50450 51D
L 0Ot FR T (Y.

&;S-@nj.r‘ ;Sc
T A )

A
-1 a3
- =
- . e
-8
-
-1.7%
-t ‘o H
i 3
. Iy
’5.3'3 I'

-1 . 98
- 37
-1 24
-1.3
-1.1
-1 as

G ~eefonnecting Devices

e . . -

ey 3732

Y

ey,

12071
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G RN
(DU~ 3Y

e gelet | ot

DO B I N oY I
ARG AR <)

[ I R R A

AN TR O N ]
IR AT D)

Al of oy

ISR T TR

[ N I ]
] (]

I LI |

PRE TWIST

Les-

| ad 2732 ]
NUMBER REV. (PAGE

g Devices
B-112

n
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[]
J
21
]
]
"
o 4
m
%
-p 8
.
[+
o
L)
i
[}
.

JUREENT RSCURLs L%
MONITIOR LGLTHGE «9 3%.2-
SOWER SRCTORATT QL TE-952

Y, L)
. |=B A

et
MO

)

[V

- m
2

ww

-

i -1 23 . Al
2 - 33 - al
< -1 i3 - 32
< -i.iv - 32
L] - 23 - Az
S -1 23 - 2
SAMPLE NG S .
TEST TIME 87:-239::19:3s 27
CURRENT RECORD= 1S
MONITOR YOLTAGE +I F33E-
SCWER FALTOR=Z1 . 22SE-903
SHAN . LINK FI2E=
N 2E LB
1 ~ = - 27
kel - 33 - 13
et - 73 - a7
< -1 9 . 4%
5 - T3 - @
s -~ Ta - a7

POST TWIST

-! 38
- =|’
-1 13
-1 29
- 37
-1 53
i

993

. TONN

13 '
-
L e
-t
.. 4.
- o=
-
-t
- e
-
- e
-

-
- -
r e

A vmm

&P weeConnecting Devices

fedi1732
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f‘“l

SRMPLE My
TEST TIME 37 21::1%.2%:2%
CURRENT RECIFL= 1S
MOMITOR WOILTAGE =% 13t12-933
LHAN . = INK FIBER SOUNN
N EE ;383 TiE
i - T3 - 19 - 33
H - 23 - a7 B4
% =i °r - 47 -1 33
3 -, &3 . i® -1 33

q&ggai?%QgEON<§4OOIb.

é weeConnecting Devices | 222752
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p* “|

PRME LT i :
TEET TIME @r:3L (T 13:%L

CURRENT KECIRCE 15

MENITOR LILTRGE -3 19TE-347

SCWER FaCTIR®SE ZTRE-3ul

CwAN. LInk FIBER IINM

N g .28 e
- i -7 -2
i -t - 33 S E
I - 9% - 8T - &l
< =138 - 13 -l %3
T -1 T3 -.if -1 g
3 -1 43 Y R

POST CABLE RETENTION
No._Jd_PLUG

tey 1234
NUMEER

&b _ weeonnecting Devices

B-~11l5

SSENE

PAGE

e




- '
CURRENT RECOROs 18
MANITOR YOLTAGE +7 333E-943
POWER FALTOR=SS 2BIE-903
cHAN . LINe FIBE® Y
MG 3B -1 td
1 -1.%9 - 14 -1
2 - T -.19 -
K - TH .. 35 -
< -1.73 - 13 -1,
3 -1 7% -. 17 -1
s -1 T8 .13 -1

[ar]
»

E N i
TIME v7:22:98:13:383

CABLE RETENTION @ 400 LS.
No._JZ__REC.

oz

R 4

B I CY (Y ATy
R Y Y AR S

& e<Connecting Devices

RS S,
B-1lls

ed> 2732 -} -]

NUMEBER

REV.

Z2 A

PAGE




IAMFLE MG 1 )
TEST TINE 9T:22:98:3% 3
CURRENT RECORO= 17 .
MANITOR WOLTAGE +7 3I3E-353
S0WER FACTOR=ES

i
-

£5 . 084€-332
F

EP CUNN .
' -3

‘ -1 T3 - 12 -1.33
: -T2 . 33 -3t
3 - .73 - 0g -. 3%
i =187 .13 -1 38
s -1 72 - 15 -1 33
3 -1 54 $1E =153

POST CABLE RETENTION
No. _L REC.

& wweConnecting Devices [&2.2777 | [223]
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N

SAMRLE NO 2
TEET TIME 97:22:93:57:83

CURRENT RECORD= 1T

MONITOR WOLTRGE *‘ . TS3E-393

POMER FACTOR=SZ . STIS-G0:

CHAN . i MK FIER

ND 2B 1=
H -1 &7 * A%
2 - 73 . A2
3 -L‘—a -.ba
< -1 37 -. 11
5 -1-4: --‘ﬂ-
) -1.84 +. 3s

CONN

Lagl

-1 82
- 72 !
-1.28
-1.28
-1.8L
-1 %3

q@grfi}:r&%orx @ 400 L.

-G waelonnecting Devices

Tevarsz |
NUMSER

PAGE
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SRMPLE MO 32

TEST TIME 37:22:39:32:35
CURRENT RECORT= 18

MONITIR WOLTRGE -3 Te38-393
POWER FACTOR=S2 244E-993

CHEN . winn FISER CONN
NQ . -1~ 1 285

! -1 % - 3% -1 . %3

— 2 - Ta -e 32 - 7%
~ 3 -1zl - 4a =11
(: 4 -1 3T -.12 -1.3%
= -1 .42 -.82 -1 .86

3 -1 <2 - 22 -1 53

POST CABLE RETENTION
No._Q PLUG

e | .

~ ———

1 | @O weConnectingDevices [3>2774" | |5
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LURRENTY
MONITIR

Tl e Y frr

. ==
bl R
- =d
~1.24
~1. 47
-1 @l
-1, 33

RECORD=
WL TRGE
POWER FRCTOR=3Z.

[J Q]
=
<y
(L)
[
(O]

m-
K}

~
oy

$e L

YW 2]

mw

[ S T I I )
AR )
DY S BN WY ]

]
P RO O e

CABLZ RETENTION @ 400 Lo.

No. ; REC.

—

wz

IR XY k]
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APPENDIX C
TECHNICAL GUIDELINES
FOR ULTRA LOW LOSS

OPTICAL FIBER CABLE ASSEMBLIES
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A W wEw e

l | ATTACHMENT 3

Technizal Guidellzas
‘ L}
' "™Jlsra Low Loss Cptieal TiSer Cable Assemblias”

l 1. scoes:

1.1 Tlese uidalizes cover the devalopment of ulzTa low-loss opeical
fiher cable assambliss and bdulkilead recapcaclas for use {2 tacsical Tiza
Division Mulziplax (TIM) communicacion systams for discances ramgizg fTem
ons =3 eight kilcmatars wizhous cepeastars. Operaction will e a2 salacsad

_ wavelengcths from 5000 co 10600 Angssroms for bothk amalsg and daza crans=-
- aadission wich daca ctatas o 20 uwgadits ser sacend per kilometcar. Zach cable
© assembly will cousisz of a ona-xilcometar langth 9f cabla carminacad at each
~ end wizk a2 hermaphrodiiiz commeczsr (Ldansical conmacsors aacs vizlh each
l etkar). The nazing facas of 2% counecsars =usc be opgical Wizl aiaiazl
eaupling loss and csosstalk I3 ovovide efficians commecziom of up 20 eight
‘assembliss in tacdem. The zabla assembliss zusc be tugzed 2 wishszand a
. 7ide range of envirsumensal aad mechanical expasuses yrical of ctacsigal
fiald applicacions.

2. APYLICA3LE COCTMENTS:

2.1 The following documancs of che 1ssue i3 effacz cu daca of iLaviga-

- &onl

tion for bid form a3 pars ¢f this speciiicasion:
Soecifizacions:

Mlicazw:
S ————

W11,-C-13777 Cablas, Special, Purpose, Ilecsrical: Ganezal
Specifizacica For

IL-1-3930 Iasulaciag and Jackssing Compounds ZlscsTizal
(Por Czble, Cords, and Wiras)

MIL-C-53333 Cable Assembly, Special Puspose, ZlacsTical
X=-11230( )/G and Cablia Assambly Adapcar

x-10734( ) /6

I -4=25Q41 ¥gldi=sg and Petting Compound, Chemizally Cuzad,
Polyurachans (Pclyechar-sased)

Ml -0-10C0 Jrawings, Iungizeeriig and Assoclacad Llisss

W1 -R-3241 1eals, Cable (Raels 2R-5( ), 2R-7( ), IR=-4( ),

AC=~433¢( ) /G, W~L33C /N

SR E .

-~
{
)
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' MIL-STD=481
]
i

Tederal:
L-?=3%0 Plaszic, "(ald..:g Macesial, Polyechylese, low
a.nd Mediva Deasicy
: L-2-389 Fluorinacted Z:thylane Propvlene, Flugrocasben,

Molding and Exzrusion Macerials

*L=P=403 Polycazrafluorsechylane and Fluorocarbon

Component ?arts

Solid Scaze Devizes

.-..‘51'3‘810
3. Technical Obiagzives:

3.1 Backzound :

Plagtic Molding Macazial
Injecsica and .:::".sian)

Eaviroumental Test Matchods

~ Plastic, Moldizg, and ZxiTusion ‘u:eriz...s

(Propylane, las:-cs s

Tast Mgthods for ZlgecTonic and ZlaectTizal

Zavircmmeass far Slaccronic Parss, Tubes, and

ElecsTomagnecic Inzarfscence Charactariscics
Requiremencs f3r Z3uisment

An optical fider communications cable has bean devaloped under

wmtzact DAA3Q7=-73=C-Q343 wizh Caraing Glass Works.

The cabla, which is

surTently being markatad by Caraing under the cTade name, Cavgulde, has ac-
canuaction undar 20 d3/ka at discTets wavelengshs ia the segion of 6,000 co

tions.

2f fibar optic cables which have been optimizad fa7
However, the cabla is not sazisfaczory for daca Ctzaasmissiom at .-
The cabla incarmor- '

tac

20 Mb/sec over 3~-xilcmecsr TDM links wichout rspeacars.
'atu fiders wizh 2 stap index profile which causas unacceptable Pulse
" brosdening at the presccibed dasa races and transmissicn distanca. TFurther-
30Te, che accsnuacion is coo hizh to permi: accaptadle
the S~-kilomacar link. Iz i3 an cbjeccive aof zhis procurwment 20 develop an

~apeical

enough 0 sazisfy ciue i‘atandad s7scam's Cagquissments.
7Lll culadinges ia che dalivery of cable assemblies, comneczors will e Ta-
muired for carmizacion of zhe cable ac both ends.

| 3-2
c-3
|
' O -

0,500 Angscroms. 1= Tepresents a significanc first stap ia the develcopmant

>4 field appiica=-

sTaispission cver

fiver cable wi:zh zTaded index profile fiders and aczgauation low

Siacs chis arvagram

Consequantly, anotiar

-s




| ] l.’ shis procuremens Ls t2 develop a ruggedir ¢, enviroczeas Ta-
F . her=aphradicic :mnnecsor 0 be used for :his .Jurpose. The fiazal

l .:J;' this procurement is 33 develop i bSulihead Teceptacle far usa
equirmant and shelzars.

| : _cl!cc::’ns: ’
i :

Tha objectives 7ill be dirscsad toward achisviag che optizum cablas
* qgafiguration consisceant with 2he jrogram cbieccives. The cabla
‘ » Ml ha comprised 3f 2 six elamant Iiler optic cable tar=inacad
.2able auliicontacs counecssts. Thae pTIgTam will be canduczad in
namel7, a3 Cabls 7hasa and 2 Counecszor/Cable Assembly Thase.

.17 Cable Thase: The aporvach for achiaving the cptimum cabla dasign
3 &, but 20C 2ecassarily be lizizad =z the followiag:

+1¥., Izvestizatian of core and dovans zacarials, processes, and
as for fabricaciang mulsinode, gTided-indeax Sibars wizh opeical and
L ,'apc:ins eoasistant ik the program sbjecsives.

.1.2 Iavestigacion of uu:".als, grScsgses, ind tachniguas fov
¢3agiag and gToupiag of fiters. The gToupiag snall comeaia six
1623 resulliang ftom zhe invescizacion of 3.2.1.1. Other acu-

d.m:s 2ay Se izcoTpaorated in tha gToupiag for f£illing or for:

b 4.g Considaracion shall e given 2o the facs chaz izadividual Iiders

zassidia at ma and of cha cable Sor tarmization izcs counacssTs

2azsd 13 J.2.

3 Iavestigacion of ;;;gru-s, oricasses, and sachunigues foo
4 a. $13er goouping Teaulciang from tha lsvescizatiom of 3.2.1.2. The
s isting of pracacsive intarlayers over :hn fi5er gTsupiang i
4y nnsi..a ssTaia valief, and jackesiag shall be of aiaizum sizs
(XL cousistanc i:iX pravidiag the necessary pnrsiczl and ‘eavirsrmenzal
latgm. Consideration sust bde given =9 ke facs thac iadividual oveieal
aave 33 be aczassiblae ac each end of the cable fov taraizacisn
e23rs a8 ladicacad {a 3.2. Cousaquencly all cabliag eiamancs
azive layers, lackacisg esc.) aust be Tsmovabla witchout adverse silacs

sy ical and zschanical propertias of the Iibers.

'2.1.6 Izvescigaction of zatariils, praicassas, and dasigs dacalils 3 )
izacicn of the izhersmnc lavel ¢ quclear and elecITcmagmecis | . .
Zof hardness of whilch tactizal cowmunicacicus s7stams ire.cagabla .

oz 3-6-7) P U - LT oI oL . WLl

2.§ Cable Des:izm Jhiecsives: The datails of =hn csnat:‘.zc:i:u ad T
Yatad spcical Iiser communicacion cabla 3re umdegaz=ised ac iz -
Size, weighc, aacar<als, and das<ign il be opciaizad Wizl Testece

t fzimizal eraluagion crizasii delizescad i3 Sectiscm 3,2.2 of :hase

5 uldalizes. IJowaver, far che purpose 3f providing zuildalizas,

© I vhows the cancative design and jerformanca cbiecsives for the cabla.
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"h. usa of =ecallic rangth members iz the cable c_.stTuczion is undesirable.
1l Zider .engths used ia the cable skall have Heen sryof-tascad =9 a
W al=us zensile strengzh of 50,000 osi.

3.2.3 Cable Evaluacion: The fallowing crizaria shall be used as a

guide for eva.....:'.‘.ng t3e performancs and establishing the opeimum charactar-
istics and performancs Tequirements of the optical Iiber cable. The evalua-
tiot need. 2ot be l.ni.-sd to ctha tasts speciiiad hersin unless othaswise
speciliad.

3.2.3.2 ".‘ransaissiau:

3.2.3.1.1 Atzspuation: The acttanuacion per iicmecar of cabla shall
be as indicated iz Table I when measured a: selactad wavelengzhs iz che
tagion frcm 6,000 Angscroms to 10,600 Angscooms. A zisimm of cthrae and a
Baxizom of six peizts shall be selscted. Ona poisz shall be 8,200 Angscooms.
The Te=aiai=g poinss shall be zustually selacZed by the csmcracssr and the
CCR.

3.2.3.1.2 Dzza Transmission: A one (1) kilcmecar length of cabla
shall be capable of sTansmizsing a pulse haviag the characteristics i=-
dicacad iz Table I.

3.2.3.1.3 Numerical Averturs: Ths numerizal ape::zi:c shall be as ‘o= >
dicated in Table I whez 3masguzad on 4 one (1) kilcmecer lengsh of cabla.

3.2.3.2 Yachanical and Zavizommencal Tests: These tests aTe ¢ be
ecnductad after che Transmission Tascs of Par. 3.2.3.1, harein. Alter esach
of cthase tasts (or test grouos accec:anle t9 the govermzment), :‘u cable is
T3 be iaspeciad for individual fiber breakage, cabiing damags undez 5 x
magnificacisn, and aztsnuacion per Par. 3.2.3.1.1. The objeczive is 20
‘.hcr --ukagn or other visible degradation of che cablae. Unless oCherwrise

shall act 5.0 d3/¥m afzar zschaznical and envizou-

asntal tes0llR.

3.2.3.2.1 Tensile load: The cable shall be subjeczad to the stazic
tensile ‘ar:a indicated ia Table I, applied axially, for a peziod of ant
(1) zinuce, afzar whichk the aStamuaticn shall be asasu=ed. The s$Tatic
load shall chen be rsapplied and cths cprical cucpur lavel shall be monisored
o7 a pariod of 48 hours co dacarmine the ef‘cc’s of c:n:i:uud Sensile —
loadizg. .. o e e mme

3.2.3.2.2 Machanical Tests: Per Par, 4.5.4.1 of Spoc.‘..‘ica:_on MILC=137T77
wizh the f0llowing axcapcioas: ; -

a. A asans shall be provided for :nu.:nr‘.:xgv of 5wc-cal c:n::m:.‘.n af
thae fidbers whers elecssical c¢ongiauisy of czndu::ars i3 indizacad ia zhe - -
cast procsduras. R

b. ALl mandral cests aTs 23 be sonductad with: a SXCD sandzal.

L} 1




M v -

l e. Suitabla -a.’.:nr-..a.t:‘.vu =2 che tasT equipmentc showa La Tiguses 3, 4,
and § of MIL-C-13777 - 1 5e cousidared.

l. ' d. The cumher of lend snd Twisc cycles abave 2.00Q which che cable is
capabla of s Rade |

vitastandiang shalo de deceraized. .

e capbla is

Q. - 3
l capabls of '..hs:and..ag sha.J. be de The cbjecsiv
ag 0.415 ez-a.

l 3.2.3.2.3 Vidracisn jer Mathod 514.2, Procadurs VIZI of MIL-3TD-310.

l 3.2.3.2.4 Temperatuse Shock per Meched 303.1, racedure II of MIL-STD-
810. '

-I 3.2.3.2.5 Bunmiiizy per Mechod 3507.1, 3vocadurs I of 1,-572-3103.

3.2.3.2.6 Fungus ;cr Mgrzkod 508 of MTL-3$TT-310. "ha cess shall zoc e
considarad valid unless the concTols per paragraphs J.1.3 and 3.1.4 of
Ugghod 508 show z0c lass .han srefuse gToweh over SOX of cie area alzar zhe
léch and 2822 day of casc. Izasmuch as cais s a3 cast of the =acarials aad
' Sabrication processas and cartaia clsansisg agencs aTe cmown 02 izhibis tha
‘geawel af fuagus, the cabla specizen shall not Se claaned pTior 23 tasc,
‘Afzar tass, thers shall Ye 20 visible gooweh af fungus on any surfica except
sparse and CZuberal davelovment of che fungus sporz, and no Ivre than WO un=_

l'rtla:ad aiausa ¢olsnias,

3.2.3.2.7 3uclear Surrivabilicy: Tasc and/or analysis of zhe cao e
desizn shall be 2ada I3 decarm=izs the dagTae of nardness of r:.':t sable iz
the prasencs of zuclaear radiacion. lLavels ia cle rang- af 103 g9 103

" rcentgen (Cabalz 40) and 1012 2o 1014 neucroms/ca? (1 MeV aquivalezc) are
of sar=icular lacaras: and shoulé be izcluded La cthe iLnvestigacisn. Tar
|=:u::.~.g pussosas, chasa dosas shall be dallverad 2o the cablas wiiliz a
‘2ime izcer7al woich is shors compared 29 the cize iagerval (10 secsnds)
duriag whizch the cabla i3 perzizzad o be izcperabla followiag tha irTadia-~
gion. Actual dosa lavels aod duzacicas of applicacion shall be decar=izad
» a1k agpreval.ef the goveramanc. .

3.2.4 Conpsczor/Cabls Assembly hase: Tha 2ajor efSors in chis phase
vill be dissctad coward cle desizn, fadrizacion, and- evaluacicn of cabla--- - -
comneczars (3lugs), Sulklead ctwcaptacles, and <cibls issembllés, ccasiscing ST
of tha g=aded ladex cables from the cable 7hasa Zsrminacad vish the 3lugs
daveloped under cthis jhase.

3.2.4.2 2ilug Desiza Cbiscsives: TRe =ajor effors-vwill e d.‘.:a:'ad e
tswarsd acaiaving a cIumecs=IT dasigm winisa will JTovide a Tugged, wacarsroor,
T e@virInmenc-resiscans carmisatism for oucical fiber cabla. TRe-apeTTae:z- I3 U
achlieviag che Jptijum IInneciIT dasigm shall lsclude, but 20T le Lizized c3, - -7 -~
'.:. f9llowing consideragiouns:

l
|
e

[




3.2.4.1.1 Tield Revaisr: The obilective ‘3 a conmecs:or desiga which is
capable of assembly 3 the cable by sralned Zeckn. .ans {3'a dapot or mobile
Tepalr van. The das;gn shall act caquire zhe use sf 3wlding or polsin

:echn:ques Zer accomplisghing the assembly. -‘vueve--éoi——o.onr*sea—=h=?°‘097

l
' .iLnucé-St-:zvessaga‘.d rﬁ. izvestizazion will srovide the basis .o: a
z Aqecord-
1
|
1

Jagision as o0 which design will be seleczed for she final models.

iagly, such fac3ors as comparative costs, complexisy, seliability, ease of
assembly, and perfcrmance cousistens wizh the technical evaluation criceria
of paragrapn 1.3 hecein oust Ye considered.

3.2.4.1.2 Cable Presaracion: Macthods and zachrnisues for preparation
of the cable ends for proper assambly wizh the connec=or shall be estiblished.
This shall iaclude details as tc tools, procasses, solvencs, and stripping
dinensions {37 Temoval of jackscing, encapsulaacts, and fider coacings.
Preparacion of optizal fiber eads 29 provids the most efiizient optical suse
facs shal’ alsoc be addrassed.

3.2.4.1.3 Cable Stzaia Relief: The ccnncc:o: dasizn shall ‘nclude a
suizabla cabis stzain relief. The optical Zisers vhich aze coucaiszed wizhia
the coniizes of cthe counecsar housing Just de Lsolaced ITcm dirses tansile
" and hcnd.ag fovaes whi:h are appliad €0 the cable ex:aading beyond the com-
- fines of zhe commecs Furchersors, the straia Telliefl 2ust aoso provids
rasistanca =0 cable pullau: o damage vhem subjectad o iha cable racanticn,
flax-1i%e, and Tuistinag cascs of parvagraphs 3.2.5.2.7, 3.2.5.2.3, and
3.2.5.2.9 herain.

|
|
3.2.4.1.4 Maecing Charactaristics: The aaciag Zacas of the commeczar
l shall be optical wizh =iaimal coasssalk Hefwesn adiacens optical paths and
coupling loss between commnecsors. The ovtical aa:ing facas must De sulizably
protacted =5 prevent pardanear dagradazion of light tTansfier betueen z:acing
. connecssTs as 2 resul: of repeacad zasiags and un:a:ings, and exposurs: o2
awiscture, vacar iomersion, dirz, dusz, sand, salt spray, and tamperaturs
extTemes. The =ating surfacas shall be easlly iaccessibla for cleaning wizh
' vacar, dry cloth, or small brush. The comneccar 2ating face and positive -
locking=coupling devica shall be complecaly hermavarodisic to perai: cer-
minacicn of boch ends of the cabla wizh ideacical connectors. The coupling
l davice shall be frae curaing wizh raspecs 03 the c¢onnecsar shell.

3.2.4.2 3Bulkhesd Recswcaclas Desizn Oblecsives:. The bulkhead -tcspu.:-a
shall include, bug not be linizad 2o, che ‘cllavta:.caus.d.:a.ians - s

. T 73.2.6.2.1 Macisg Charactaristics: The macing: charac:n:iseics-shall bn
essenciilly che same as cited Zor 2he plugs in parag*apn 3.2.4.1.4 hezein.

l Howquer, zhe davica for couplisg =2 plugs shall noc be 2ree Zushmiag wish
faspecs O the comnector shell. A - v
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’ 3.2.4.2.2 Younzir * The Tecsaptiacla shall have  Sulkhead, OJ-nolie tYPe
douneiag wilhk jam=aut ..raads and sanel seal. ?PrIvisiom shall de z2ade foT
e':.zmdaci:'.g sanels up 33 0084 zmcar zhick. :

3.2.4.2, able Jocical Tilers: ,:hic:i/nr.lc::r shall comcaia pro-
yision far ramoval rsion c:'/‘.ad‘../ 13ual auffsred acpeical fisers at
w Tear of che counecisr. ITHEdmdlvidual Temovadla fiders shall Se held
fixmly iz placs af:tar inseptidu and capad bheiag relz2asad for removal
ina Tequizad. This Zsgtuce is caquised to pravida couBliiag to lighac
yress ind datacsors.

\ { 3.2.3 ‘Conpeczor Zvaluacion: The followiag <Tizaria shall be used as
lzu:l.d. $o7 evaluacizg tas periormanca and escablishing cthe oprizum czaractar-
~itics and performance Taquiramencs of tho counecfoTs. . Thue evaluaticn teed
not be limizad ts tha Zascs specifiad Heraiz. Unlass ocher specilied, tie
'ns: specizen shall consist of 2 comnector issambled 2o a cabla. Thus lengtd

! cable shall Se tka aizimusm length Taquised f97 vallid zsasusemacns of Re
gpeical Propersies (paragTaph J.2.5.1) and =3 enabla analysis of the eflaecs
lf ths Zec2anical and amviscomacs cascs (paragTash 3.2.5.2) om cae cpeical
Fropersias. The astamuation of iladividual filters of cthe cablas skall be 20
gTeazar than § dB/xm. Decailsd Zast 23eclods Lacluding she cable leagslls and

tical Sastc 2masuTemmncs shall he providad =2 che CCR for apprsval pricr

3 tha starzs of the caehnical evaluasiocn.

l 3.2.5.1 Coeizal Tascs:
3.2.5.1.1 Goupiiagz Laoss: . o
ConoeiZsrs Comwes’bry

§ 325111 2lugs: The ccupling loss of maced pairs of plugs, each
wssemblad 23 2 leng=a of cabla, shall bSe decarmized oo am izdividuagl opeical

chamngl o chanmal kasis. The cbjeczive is 1.3 d3.
3.2.5.1.1.2 32ulkiead Recestzcias:—THe esuplizg loss of a z=aczad pairs

s comnecsaTs consissiag of =33 assambl a langch of cabla and a o
ylk.‘.ud sscaptacls wiskTemavabla fiders z::m::‘.':ed 13 3.2.4.2.3)

all be detaz=d en an izdiridual opeical czanmel 3 chanmal basis. TR
objecsive £3 1.5 d3. . - : L

l 3.2.5.1.2 Csosscalk: Neas-end and far-end c¢r9ssialk ‘= adjacans Jpel-

cal cRannels of a macad pair of connacscrs, praparad as speciliiad iz 3.2.5..'..". --_;:
ai3, shall Se decar=ined. Tha objecziva is 100 43 dowa Ircm tile signal
Jvel insarssd i3 che excisiag channel. e e e . .o

3.2.5.2 Mechanical and Zavisonmancal Tasts: These fasts ars €2 %e cou- - o _-
csad afzar complacizg cha Opcical Tascs of paragTaph: 3. 2.3.1 speciliad .-
i gada. UJalass Icharsise stactad, af=ar esci af chese tasts (ar cast gooups
accspcabla 29 che CCR), %he cast specimen i3 %3 be Llaspecsed undar 53X zmagni-
& cacion I3t shysical decariorvacisn as iadisaced foT each tast, and tle
tical Tascs af paragTapa J.2.5.1. Tha cbleczives are 20 Jeraanent degTida-~
ticn of tle zhysical and opcical sroversias of the Cest specizen.

 ;!
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)

T o | |




3.2.5.2.1 Rotar‘rm: (Plugs) - The torque, Ze- :wrad wiih a torque
vTeach, Taquised T3 .cate the coupling aut shall u.c exceed 0,864 kge-cm,

3.2.5.2.2 Maziag Durapilisv: Plug specizezs siall be subjectad o 1000
complate cycles of mating and unmaciag. One cycle sha..L:. consist of com=
.plc:a engagement and disengagement of comnectars. Lubricaciom of coupiing
devices s not permizted. <Cptical contizuicy saz..l se monitored throughous
the syeliag. At the. completion of the 1000 cycles, cthe conneczor m:ating
'sur‘acss m8y De claaned as iadicatad i paragraph 3.2.4.1.4 hereizn. Com=
pliance of the specimens wizh objectives of paragraphs 3.2.5.1 aad 3.2.5.2.1
shall be decermined.

l 3.2.5.2.3 Sal: Soray: Ummated plug specizens shall be subjected ta zhe -
Sals Spray Tast of MIL-STD=-202, Mathod 101, Condizion 3. The commectars -
shall show no evidence of corrTogicn, shall be capabls of matizg, and compli- -

ancs vith-'the objoc:‘.vu of paragraphs 3.2.5.1 amd 2.2.5.2.1 hcre.n shall bde
dc:u-:.‘.:.d

3.2.5.2.4 Izmersion: Matad and urmated nlug specimens shill be izmersed

iz a2 =ank of wacar 20 a depth sufficient 25 cover the cable eacry ead.

. Dry air shall be forced through the specinans at a pressure equivalemt 2

a 1.83 necer head of wvatar Isr 24 hours. Opeical czmzinuisy shall be mounizsved
“on the matad specimens :throughocuz the tast. Thers shall be no evidence of

air bSubbles :hrougout zhe tast. Compliance of ctha :acad specizens with the
I:bjcc:.‘.ves of paragraph 3.2.5.1 shall be datermined. The macing suriacss

of the ummacsd specimens shkall be driad thorsughly and Chen compliance wisza

che cbjecsive of paragrach 3.2.3.1 herels shall be decarained.

. 3.2.5.2.5 Shock Dros: ?Plug specimens shall be dropped ai randem six
times zmacad fvom a neigac of 3.0S mecers omeo a 051 zecer chick £ir wood
slab backad by concrate. Tha conneccors shall be visually examined and 2he
f2aced conneczors zighzened zftar each drap. The cbjectives are no loose
parss, mating capabiliry, uo loss of optical comtinully through mated pairss,
and complianca with the objecsives of paragraph 3.2.3.2.1 hersin.

' 3.2.5.2.6 Sand and Duszt: Plug and bulkhead 'ecepl:acla specinens shall
be subjectad, unmatsd, ¢35 the Sand aad Dust casc of MIL-5TD-202, Msthed 120,
|ru= Condizicn 3. Thers shall be no physical mpa.i.:unc of the specimens
and cowpliance wish the objectivas of parag-aphs 2.2, J.l aad 3 2.5.2.1 hersia
shall be detar=iaed. teo loInTol - N

' . .3.2.5.2.7 Cable Raetancicn: The plug socci:uns sha.l be. subicc:td :a —— ann
static tensile load of 181.44 kg £Sor ome =inuts applied %o che cable at
least .153 macers behizd che back end of che plug. The load shall-bSe spolied —
{3 such 3 canner as tc pravent cable damage i3 zhe:-7Tiziziry of applicacism
of che load. The objective is ao physical damage and compliance witlr 2le
objecsivas of paragmaph 3.21.5.. hersia shall be detarained.

-

3-3
c-9

r—_

e — e ‘ - ——




3}

3.2.5.2.8 Tlax L“*: The 7lug specizans shall * subieczad co che
nber of eomtizucus . < cyclas speciﬁ:ad Yelow far :vem Camperacure and
w : mperacur:. Tha coanecsar shall be fascaned secursly and 3he cabla
ld .auc fa the awucTal axis. Omne complata 2lex cycla shall bSe T 909 flax
the cable about the neucTal axis. Opcical ssutiauisy shall Se Zonizorad
ror 'houc she zast. The objaczives aze no damage or loss of opeical
aes. ulsy.

192.5.2.8.1 Room Temperaturs: The plug spec.z-ns shall be flaxed Isov
30 7clas ac 3 camperasuze of 239 ¥ 109C., Flexing shall bSe ia Two
anes, esach mutually jperpendicular £ each othar and 23 cthe facs of zhe
mMcp23r. The line of izzarseczion of the cwo plames shall sass through

8 ¢ atar of che csanector. Half zhe aumber of $laxas sb.all e in ome——— .

ane and half {3 che oclher slane.
» .
2.5.2.8.2 Low Tamperatuza: The plug specimans shall firsc be aged
a cizoulagisg air oven for a adaimum of 43 hours ac 709 T 29C. Tha
< shall chen be 9ndizicmed fox 3 pdaizum of 48 hours ac =559 29¢
Lle aZtached o the flax lifa zascar, Tlexiag shall then Ye conduczac a9
sc_lad {23 3.2.5.2.3.1 except chac ::.n total aumber of flex cyclas shall
1000 (5Q0 iz each plans).

L 2.5.2.9 Twist: Macad plug specimens shall e sagced, 4oldiag che
IMECZOrs staticnary, and gzigoisg the cabla of cne specizen .15 natars
248, L33 connecisr i3 such 2 2anrer as 10t 29 de damagisg %o the cabla.

e r bis shall tken be subjeczad Co 1000 tuisc cyclas. Ore cycla shall
asist of 3 1309 cwise (T 90° about the neutTal axis). Cpeizal coaciauizy
ald 5e zomitcred chrsughous the <y7cling. The ocbiecsives are 10 physical
Zas : o the specizems nor losy of opcical csutiauiszy ag a vesul: of zhe
s¢.

2.8 Cable Assembly Zvaluaticu: Cne kilomecsr Ilong cabls assamhllas
al. be wound cm reels and avaluactad {2 accomdancs wish che following
itgTia o establish the optizum characzsriscics and serfsrmance of ¢the

1lias. Two types of raels skall Se usad. Cna shall Se ael DR-S and
e ..lar, a tom-mactallic rTael, equivalant i3 siza, wilah is capabla of —- -~
Sastandizg the evaluacicn cests. Jvsvision shall se z2de 9n hoch raels
t ! wcuring ths csunaccors i3 place.  Six secs of cable assemBIlias shall

o 1jecsad 3 tR3e avaluacion asts. A sac shall comsisc of wo cabls
sembllies, ong wound cu ke DR~5 and chae ocher «mnd on “&¢se zom-2wcallic
-J.c e sats shall de zumbessd L thru &.

3.2.6.1 Assemblv Thrsughous Lass: (Sees 1 chri 5) °THe "a.i‘saaly':a.augn—j --

€ [1ss shall Ye zmasursd iai2izlly, i3 iczordanca :{.5"‘374:: I, lem’ all -~
bc' 5, and shall z20c excaed 2 43/'a.

3.2.6.2 3izh Tamverasursa: (3et 1) - Jer MIL-STH-312], MYached 30L.I,

i - .WM
3¢ lure I2: The tamperaguTe for Scap 7 snall e 35°C (L35°T). The
seugitpys loas snall Se 2masusad i3 Scavs 7 and 10, Scen 3 saall be
42tad. The cbjeciive L3 30 LlacTease ITum che i(2i3ial valus nessused i

:"2.‘,'..

———— e -
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Procaduze I: The t..ougapus loss shall be measured a

3.2.6.3 lLow Ter eragurse (Sez 2) = Per MITL-ST 10, Mezhod 502.1.
Izar zhe 24=hour sta-

-

Silization period of Scep 2 and 42 Sevp 7. Sceps 3, 4 and 5 shall be

4 -d

omiztad. The objective is 20 iacrease Ivom the iaizlal value neasured ia
-
2.6,1.

w

3.2.6.4 Zemperature Shock (Sec 1) - Per MITL-$TD-310. Mechod 303.1:
The throughput loss shall be measured i3 Scep 7. The objecszive is nc increase
{200 the value dmasured in 3.2.6.1. S - -

J3.2.6.5 Humidicy (Seg 4) ~ Per MIL-STD-810. Mechod 307.1. Proceduze I1:
The throughput loss shall be measured in Sceps 4 and 9. The NOTZ iz Steps
4 and 8 shall not apply. The cbjeczive is 2o increase STom the value
measured ia 3,.2.56.1. ‘ - -

3.2.8.6 Vibracicn: Per MIL-STD-310, Mathed 514.2 (Cable Assemblias cu
Taels. No racaptacles.) .
3.2.6.6.1 Secured Carzo (Set 3): Procadurs X. Alter compleciom of

the tast cycla, the olugs shall be maced o the bulkhead raceptacles and
the throughput loss shall be Measured. The objective is a0 incozase $vom

" values measured iz 3.2.6.1.

3.2.6.6.2 Locse Carzo (Sez §): ?Pracedure XI. After complaticn of the
test cycle, the plugs shall be mazad =2 che dulkhead Tecapeialas and the
throughpus loss shall be measured. The objieccive Lis 20 izcrease from
values measursd ia J.2.8.1.
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CABLEZ CBJZCITTES

Physical ’

3. Langth 1l kilomeczer _ B o
5. Number of Zibers 8§

e. Siza overall (aaxizum) .0C64 3ecar e
d. Weighe (maximm) 8 /= :
| fransadssion:

2. Wavelengsh 6000 - 10,500 Angsgooms

b. Afsanuacisn (zaximum) S dB/= i

¢. Data transmission

(1) 3iz caca 20 zegabiss/secsnd I S
(2) 3Rise and fall cizes 4 nanosacsuds |
(3) Pulse flaczass ) 3 43 peak 20 §¢ak rariation
from volkage ocus7us lavel
(4) 32alse dispersica (aaxisuza) { nancsecsuds per kilsumacar
d. Numerical apercture .léAzizim ser kilometar langc:

Mge=anicyl:

s. Tensila load (§ zmecar gauge langth)  131.44 k3

b. 7ibracicn, Temperacure, Eumidisy, WIL-5TD-310
Tungus , o .
c. Tlexizg, l3pacs, Twissiag X‘!I:.-C-J:Jﬁ'/'
Suclear suswi730ilicr; 107 <5 105 rseacgens level

gc::b 12 5Q) )
1012 =5 1049 zeucToms/c=-
(1 Mav equivalans)
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* APPLICATION REVISIONS
NEXT ASSY UsStD OMN TR | DESCRIPTION | parte APPROVED
TAOC _ -~ SCO # 10827 (Crig. Issue) JDM 4/29/82 ,:;’
A SCO % 10945 JDOM  6/11/82
b B SCO # 10968 JDM  6/29/82 At
PROCEDURE FOR TERMINATING
-.
(-1 %
i; 5 MULTIPLE OPTICAL FIBER CABLE WITH
‘3.
;2:5 THE HUGHES 6-CHANNEL
4:"
:3%3 BULKHEAD RECEPTACLE CONNECTOR
S
-2,<
e N
-§5<
gg=2 o
5333
===
- -1
§3¢§
> =2
S=<2;
LE.8
$g2°3 U T
=<3
2gzT2
2593z §
- igss
(a::; —_—
E E 31
-]
33203 |swear size
£3293 [eev. LerTen
- a&
22295 |swesr no. (1 {213 fsalsle]|?fs]o]ein|zralulislielir]s 1912021 122123124
UNLESS OTHERWISE SPECIFIED |CONTRAC .
OIMENSIONS ARE 1M INCHES ;gmgﬂ P:&OWS DM“ON

22 08C | DEC  ANGIS
mL;“ toos: I APPROVALS PROCZDURE FOR TERMINATING
g, DRAWN MULTIPL® OPPICHE~RIBER-CABLE WITH
3 MATERIAL CHECKED | I 5-//-82 THE HUGHES 6-CHANNIL -
-~
h, rers ySraTTYe BULKHEAD RECEPTACLE CONNECTOR
9 177 {74 ] IDEN WING NO.
- _ A ]3567 RTVI 213,751 -
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1.0 scop
1.1 This is a detailed assembly procedure for the termination
of multifiber optical cable to~the—Hughes 6-channel bulk-
head receptacle connector. e —-
2.0 REFERENCE DQCUMENTS:
2.1 213,585 -~ Fiber Optic Cable Assembly
2.2 213,784 - Fiber Optic Connector Socket Contact
2.3 213,785 - Fiber Optic Connector Pin Contact
2.4 FC 213,826 ~Flow Chart - Assembly of Hughes Bulkhead Connector
2.3 213,387 = £2ble AgsTili®S nead Receptacle
3.0 EQUIPMENT:
3.1 Cable Preparation
3.1.1 VA 211,638 or equivalent - Scissors
3.1.2 6" Ruler with 0.l" graduations or equivalent
3.1.3 VA 211,596-X, Strippers
3.1.4 VA 211,586 or egquivalent - Diamond Scriber
3.1.5 Felt Tip Marking Pen (Cptional)
3.1.6 0-1", 0.0001" accuracy, Outside Micrometers
3.1.7 "Q"-ring Installation Tool (Optional)
3.1.8 Adjustable Spanner Wrench (Face-type)
3.1.9 Adjustable Open End Wrench with <l1" Capacity
3.1.10 X-Acto RKnife andBlades (Optional)
3.1.11 YNeedle-point Tweegers
3.2 Contact Installation
3.2.1 Needle Point Tweezers tvj -
3.2.2 0~100 gram Scale with 0.1 gram increments T
[SIZE [CODE IDENT NO.| ORAWING NO. )
Al 13547 RT VJ 213,751
SCALS REVISION—o fou fsnast
ls0-00s N °* Cc-15




3.2.3 Bell Jar Vacuum Chamber

3.2.4 Contact Epoxying Fixture with Heat Controller
(Rughes #1143690S or equivalent)

3.2.5 VA 211,606-2, 10 cc Disposable Syringe with ap-
proximately 6" of VA 211,376 Tubing

3.2.6 Circular Fluorescent Lamp with aéproxihatel§ 3X
magnification window

3.2.7 VA 211,586 or equivalent, Diamond Scriber
3.3 Band Lapping

3.3.1 §-Channel Adjustable Fiber Optic Contact Polishing
Tool (Hughes CDD #1143225-2S or equivalent)

3.3.2 Single-Channel Adjustable Fiber Optic Contact
Polishing Tool (Hughes CDD #10939928 or equivalent)

3.3.3 va 211,586 or egquivalent, Diamcnd Scriber

3.3.4 Polishing Discs and Tray (Hughes CDD #1127559S
or eguivalent listed below)

o 3.3.4.1 3000-Grit, 6" Diameter Diamond Disc
' (Crystalite %116 or eguivalent)

3.3.4.2 6" Diameter Phenolic Polishing Lap
! {Crystalite #136 or eguivalent)

I 3.3.4.3 Stainless Steel Tray

|' 3.3.5 80X (approximate) Stereo Microscope with Illumina-
tor

l 3.3.6 Microscope Illuminator for backlighting fibers
I 3.3.7 Scrub Brush or Toothbrush -
| 3.3.8 150X (approximate) End Face Inspection Microscope

‘ 3.4 Automated Lapping and Polishing

A 13567 RT VJ 213,751

SIZE ] COOE IDENT NO. ORAWING NO. —_—
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3.4.2
3.4.3

Strasbaugh Model 6Y-DC-2 Grinder/Polisher with
two 16" diameter Kemet Copper Solid Lapping Plates

Two 2-Stage Hyprez Minimiser Spray Units

Two' Magnetic Stirrers

3.5 Final Assembly

3.5.1
3.5.2
3.5.3

3.5.5
3.5.6
3.5.7

MATERIALS:

475 Watt Heat Gun, Master or equivalent
Contact Insertion Tool (Hughes CDD #1143042-25)

Alignment Sleeve Insertion/Removal Tool (Hughes
CDD #1143895%)

Contact Removal Tool (Hughes CDD #TMF1l6RT006)
3/32" Hex Key
5/64" Hex Kay

Backshell Wrench

4.1 Cable Preparation

4.1.1 Solvent (2-Propanol or Isopropyl Alcohol) in
plastic squeeze bottle
4.1.2 1/2" or 3/4" Wide Masking Tape
4.1.3 Disposable Paper Wipers
5 4.1.4 Single Edge Razor Blades
' 4.1.5 Solvent (Acetone) in plastic squeeze bottle
l 4.1.6 Cotton Swabs
4.2 Contact Installation
l 4.2.1 1/2" or 3/4" Wide Masking Tape e
4.2.2 Disposable Paper Wipers ‘,_'”-;""’%7;
f 4.2.3 Aluminum Weighing Pans -
‘ 4.2.4 Flat Wooden Toothpicks
:I [SIZT [COOE IDEINT NO.]ORAWING NO.
v et ———§
¥ A ‘3567 RT V5 213,751
:
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4.2.7

Cotton Swabs

:

Solvent (2-Propanol or Iscopropyl Alcohol) in
plastic squeeze bottle

Solvent (Acetone) in plastic squeeze bottle

4.3 Eand Lapping and Polishing
' 4.3.1 va 213,818-1, .3 Micron Alumina Disc, 6" diameter
3 il Polyester back (if polishing method II is
used)
' 4.3.2 Two 250 ml Beakers of Solvent (2-Propanol or
Isopropyl Alcochol)
' 4.3.3 Water in plastic squeeze bottle
4.3.4 Solvent (2-propancl or isopropyl alcchol) in a plastic squeeze
bottle
' 4.3.5 Four Baths of Clean Tap Watar (2 for lapping:
2 for polishing)
’ 4.3.6 Single-Edge Razor Blades
[ 4.3.7 VA 214,782-1, 1 Micron Water Soluble Diamond
Compound (if polishing method I is used)
4
4.3.8 Disposable Paper Wipers
4.3.9 VA 214,307, Water Soluble Lubricant (if polishing
method I is used)
4.3.10 Atomizer/Sprayer (if polishing method I is used)
4.4 Automated Lapping and Polishing
4.4.1 vA 213,819-1, 1/2 Micron, Standard Concentration,
$-841 Grade Diamond Slurry
4.4.2 VA 213,819-4, 9 Micron, Standard Concentration,
S-841 Grade Diamond Slurry
4.4.3 VA 214,779, Aquasol #1 Cleaning Solution Concentrate
' 4.4.4 VA 214,807, Water Soluble Lubricant
' "SIZE [ CODE IDENT NO.|ORAWING NO.
I Al 13567 RT VI 213,751 r
—1
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4.5 Final Assembly

4.5.1 Sclvent (2-Propancl or Isopropyl alcohol) in
plastic squeeze bottle

4.5.2 Disposable Paper Wipers
4.5.3 Aerosol "Dust Remover"”
5.0 PROCEDURE :
5.1 Coating of Marking

5.1.1 Using a paper wiper dampened with solvent (2-
Propanol or Iscpropyl alcohol), clean the marking
area of the connector housing and the dust cover.

5.1.2 Using a cotton swab, coat the marking on the dust
cover and connector housing with fungus/moisture
resistant varnish.

5.1.3 Allow the varnish to air dry for at least 12 hours
before handling.

5.1.4 Wrap the dust cover and the outside of the con-
nector housing with foam packing material to pro-
tect the finish from damage due to handling.

5.2 Removal of the outer cable jacket

NOTE: Refer to the cable specification drawing for a
cross-sectional view of the cable.

5.2.1 Using a paper wiper dampened with solvent (2-
Propanol or Isopropyl alcochol), clean the last meter
of cable at the end to be terminated.

5.2.2 Refer to the cable assembly drawing for the proper.
orientation of the cable markers. Slide the cable™
markers over the cable to a point where they will -
not interfere with the termination process.

NOTE: Do not adhere (or shrink) the cable
markers to the cable at this time.

5.2.3 Slide the connector housing, notched end first,
over the cable.
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5.2.4

.2.5

ul

Removal

NOTE:

Slide the piece of bend limiter shrink tubing and
the inner sleeve, knurled end f£first, onto the cable.

Bend the cable around your fingers at least six
inches from the cable end as shown in figure 5,2-1.
Using an X-Acto knife or razor blade, carefully
make a cut around the circumference of the cable
outer jacket at the bend with single strokes. The
cut should be deep encugh to expose the yellow
Kevlar strength members, but not damage them.
Gently pull the outer jacket off and discard it.

Visually inspect the Kevlar strength member where
the outer jacket was cut to ensure it has not been
damaged. If the KRevlar has been damaged, check
with engineering for next operation.

The strength member can now be taped back with
masking tape along the cable outer jacket, reduc-
ing the possibility of it becoming damagead.

of the cable inner jacket

This process may be performed using either of two
methods. The method described in steps 5.3.1 thru
5.3.2 is preferred by most individuals

METHOD I

Starting at the exposed end of the cable, insert a
razor blade or the blade of an X~Acto knife uncer
the inner jacket. With the sharp edge of the blade,
carefully slit the inner jacket approximately 1" up
the length of the cable.

CAUTION: Be careful not to nick the jacketed
fibers.

Grasping the free jacket end just cut, pull .therT:
jacket back parallel to the cable axis and away~ |
from the cable enéd. Using masking tape, tape the
jacket fibers to a tabletop so the cable to be
stripped extends from the tabletop. Refer to figure
5.3-1. When done correctly, the jacket will fold
back over itself for approximately l/8". This fold-
ed over section is where the next cut is made to
progress the slit up the cable. As the folded over
section is cut, the inner jacket is permitted to be
pulled back. Continue in this manner until the
inner jacket is slit to within 1/8" of the outer
jacket.
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5.3.4

5.4.1

Using the razor blade or X-Acto knife, carefully
make a circumferential cut around the cable inner
jacket at the end of the slit. This cut should be
deep enough to expose the jacketed fibers, but not
damage them. Gently pull the inner jacket off and
discard it. Proceed to step 5.3.4.

METHOD 11

Bend the cable, at the point where the outer jacket
ends, around your fingers.

Using an X-Acto knife or razor blade, carefully
make a circumferential cut around the cable inner
jacket within 1/8" of the outer jacket. The cut
should be deep enough to expose the jacketed fibers
but not damage them. Gently slide the inner jacket
off in short strokes and discard it.

Visually inspect the jacketed fibers to ensure

they have not been damaged during the inner jacket
removal process. If a fiber jacket has been pene-
trated, cut off the prepared end and return to 5.1.

If a2 jacketed filler member (a strand of Kevlar
with a plastic jacket) is present, cut it off
within 1/4" of the cable inner jacket with an
X~-Acto knife, razor blade, or serrated blade
scissors.

5.4 Strength member tie-off assembly

Place the locking sleeve, narrow end first, over
the Revlar strength members and the fibers and
slide it down the cable until it butts against
the outer cable jacket.

Hold the Kevlar strength members aside and sl;ae —
the "o"-ring over the jacketed fibers. . - T

. et

Comb out the Revlar, making sure the locking =
sleeve is butted against the outer cable jackes,
slide the "o"-ring forward over the locking sleeve
and Kevlar until it rests in the "o"-ring groove

on the locking sleeve.

NOTE: At any time, the Kevlar can be wetted
with solvent (2-Propanol or Iscpropvl
alcohol) to facilitate easier handling.

- ——
t————
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5.4.4

Bring the Kevlar forward over the jacketed f{ibers,
slide e jam nut, threaded end first, over the
Kevlarvand jacketed fibers. Slide the inner
sleeve forward, seating the locking sleeve into
the inner sleeve. Engage the jam nut and tighten
using the spanner and open end wrenches.

Using e serrated blade scissors, trim the excess
Kevl flush with the face of the jam nut.

5.5 .Fiber end preparation

5.5.1

5.5.2

Dampen a paper wiper with acetone and wipe it
along the jacketed fibers until the color code
ink is completely removed from the first 4 inches
of the fiber jacket.

NOTE: This step is not required for fiber
jackets fabricated with colored Hytrel.

Fiber end preparation - Method I

NOTE: This process may be performed using
either of two technigues.- The technigue
"described in step 5.5.3 is preferred.

5.5.2.1 Using masking tape, secure the cable to
a tabletop so the jacketed fibers extend
about 2" over the edge of the table.

5.5.2.2 Using masking tape, secure the jacketed
fibers to the tabletop. 1If multifiber
cable is being used, orient the jacketed
fibers so they fan out about 3/8" from
one another.

5.5.2.3 While holding the end of the jacketed
fiber under moderate tension with one
hand, cut through the ggber jacket using
a razor blade or X-Actcknife held, 3%~
approximately 309 to the fiber. --Refay..
to figure 5.5-1 a . Slowlyndraw
the razor blade ox x-Actéaknife down to
the end of the £iber. Repeat this’ same
procedure on the opposite side of the
fiber, removing the fiber jacket in its
entirety. The stripped fiber dimensions
should be as shown in figure 5.5-3. Pro-
ceed to step 5.6.
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Fiber end preparation - Method II

5.5.3.1

5.5.3.2

5.5.3.3

Using masking tape, secure the cable to
a tabletop so the jacketed fibers extend
about 2" over the edge of the table.

Using masking tape, secure the jacketed
fibers to the tabletop. If multifiber
cable is being used, orient the jacket-
ed fibers sc they fan out about 3/8"
from one another.

Insert the jacketed fiber between the
plastiggcentering guides of a Clauss
No-Nik®strippers (use the 0.010"

strippers for 0.5 mm £iber jackets; the
0.0l6" strippers for 1.0 mm fiber jackets).
Position the strippers so only about 1/2"
of jacketed fiber extends from the strip-
pers.

NOTE: Right-handed operators should hold
the strippers with the arrow Up;
left-nanded operators with the
arrow DOWN.

Lightly squeeze the stripper handles;
and using slow steady pressure, pull
the strippers parallel to the fiber
axis toward the fiber end. Repeat this
process until the stripped £fiber dimen-
sions are as shown in figure 5.3-3. If
the RTV buffer remains on the fiber, it
can be removed with a razor blade using
the technique described in 5.5.2.3.
Proceed to step 5.6.
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Cable

Jam Nut

Scribe Here

Jacketed Fiber

Strip Dimensions({Inches
3. 3. .1

2 "'Socket 3.3+0.1 | 4.0+0.1

3 Pin 5.0+0.1 3.7+0.1

n Socket | 53.3+0.1 | 4.0+0.1

5 Pin 3.0+0.1 3.7+0.1

6 Socket 3.5#0.1 | 4.0+0.1

' NOTE: The Fiber color/connector channel cress-reference is given
‘ in the cable assembly drawing. BRI
FIGURE 5.5-3
FIBER STRIPPING DIMENSIONS
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Fiber cleaning and cleaving

Dampen a paper wiper with solvent (isopropyl
alcohol, or 2~-propancl), and wipe it along the
baxe fiber until it is "squeaky" clean-and all

traces of RTV buffer are removed. IR

. r—— r—

If the RTV buffer still remains on the fiber,
dampen a paper wiper with solvent (acetone) and
wipe it along the bare fiber until it is “"squeaky”
clean and all traces of RTV buffer are removed.

Place a piece of masking tape around the tip of

your index finger, sticky side out. Gently squeeze
about the last 1/4" of bare fiber between your

thumb and the taped index finger. While applying
moderate tension to the fiber, carefully and gently
bring the diamond scribe close to the fiber about
1/2" from the unstripped jacket. 1In a single down-
ward stroke, gently slide the point of the scribe
across the diameter of the fiber. Slowly and -
steadily pull the fiber straight away from the

table until it cleaves. Refer to figure 5.3-3

for an example of a prepped fiber.

Using the micrometer, measure the diameter of tle
piece of bare fiber just cut off at two points -

90° apart. Refer to figure 5.6-1. Record the

cable serial number, fiber color, and the fiber
diameter measurements. Retain the piece of fiber ---
on the tape and record the fikter color on the tape. _

Using a microscope with a magnificatiomr-of-i50X---- —-.
inspect the cleaved end of the f£fiber attached to

the tape. The fiber core should be circular in
appearance as illustrated in figure 5.5-4. IS

the fiber end is "NOT ACCEPTABLE", contact engineer-
ing immediatley. If the fiber end is "ACCEPTABLE"
discard the piece of tape and fiber.
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5.7.1

5.7.2

5.7 Contact selection and termination

Place the strength member tie-off into the notch
in the curing station so its flat portion rests
against the holder. Latch the toggle clamp down
to secure the strength member tie-off in place.

Two different types of contacts, pin contacts

and socket contacts, are used in the assembly of
the Hughes connector. The socket contact, which
is shipped with an alignment sleeve, looks the
same as the pin contact except the socket contact
does NOT have the belleville washers on its shank.
The type of contact to be installed on each fiber
is specified in figure 5.5-3.

To select the correct size contact, refer to fiber
diameter measurements recorded in 5.6.3. If, for
example, the fiber diameter was (0.0051", an (051
contact shall be used. 1If the fiber measured
slightly less than 0.0051" but greater than 0.0050",
then an 050 contact might be used instead of the
051 contact. The smallest contact hole should be
used that can fit over the fiber.

Carefully slide the correct size and type of con=-
tact, eyeletted end first, over the £iber and
gently rotate it until the fiber exits the pre-
cision drilled hole and the fiber jacket prevents
further penetration. If the fiber will not fit
through the precision drilled hole, select the
next size larger contact and slide it over the
fiber.

NOTE: Occasionally a slight burr in the eyelet
at the rear of the contact gxevents:: the
fiber jacket from entering the contact.
This burr can be removed prior to inser-
tion of the fiber by gently reaming the
eyelet hole slightly with the point end
of a pair of needle nose tweezers,
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Set the contact/fiber subassemblies into their
respective grooves in the epoxy curing station so
their weep holes face upward.

NOTE: All pin contacts £it the grooves marked
"P"; all socket contacts fit the grooves
marked "S".

Gently slide the holding clips over the contacts
so they are held firmly in place.

CAUTION: The front edge of the holding clips
should be located so the contact weep
holes are not obstructed.

Carefully withdraw each fiber from its contact
about 1/16" to 1/8" and tape the fiber jacket in
this position on the holding block.

NOTE: Approximately 0.050" (1.25 mm) of bare
fiber should be protruding from the
precision drilled end of the contact.

Preheat the curing station to 55° :5°C for ac
least five minutes.

Using a paper wiper dampened with solvent
{isopropyl alcohol or 2-propancl), clean an alumi-
num weighing pan to remove any oily £ilm and allow
it to air dry.

Mix 10 parts, by WEIGHT, of Epo~Tek 330-D Part A
resin and 1 part, by WEIGHT, of Epo-Tek 330~D
Part B8 hardener in the cleaned weighing pan until
the color is uniform.

The minimum batch size of epoxy to be made is
5.5 grams (total). Deair the epoxy by placing
the pan in a bell jar vacuum chamber and pulling
a vacuum until foaming is minimal. Release the
vacuum. The epoxy is now ready for use and has
a pot life of about one week. Label the pan of
epoxy with your initials and the date the epoxy
was mixed.
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Using a2 piece of scrap fiber or a flat wooden
toothpick, apply Epo-Tek 330-D epoxy at the
eyeletted end of the contact to form a bead where
the fiber jacket enters the contact. If the epoxy
wicks into the contact, apply additional epoxy

as required until a bead is formed.

CAUTION: Too large a bead will cause the contact
to be bonded to the fixture.

Carefully slip the tubing of the vacuum syringe
over the contact end with the syringe plunger
fully inserted.

CAUTION: Use care so as not to break the end
of the fiber.

Using a piece of scrap fiber or a flat wooden
toothpick, apply Epo-Tek 330-D epoxy into the con-
tact week hole until it is £illed. To reduce the
chancg: of entrapped air in the contact, always
apply the epoxy at one side of the weep. hole so
air can escape on the other sgside. 1If an air bubble
does appear in the ween hole, remove it with the
end of a cotton swab. Apply moderate suction by
slowly withdrawing the jlungerr from the syringe.
This permits. the epoxy to wick into and £ill the
contact. Continue toc add drops of epoxy at the
weep: hole and eyeletted end of the contact until
traces of epoxXy can be seen entering the suction
tubing or an epoxy bead is evident around the
fiber where it exits the contact. An illuminated
magnifier can be used to assist in viewing the
formation of this epoxy bead.

CAUTION: Always maintain the suction on the
epoxied contact until the suction tubing
is removed; otherwise, air:pockets will
be introduced into the epoxy in the
contact.
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5.7.10

5.7.11

5.7.12

Slide the suction tubing off of the contact end,
and remove any excess epoxy (refer to figure §5.7-1)
from around the eyeletted end of the contact and
the weep hole with the corner of a paper wiper, a
clean wooden toothpick, or cotton swab.

NOTE: No epoxy is permitted in the belleville
washers or spring clips, nor should ex-
cessive amounts of epoxy be evident at
the eveletted end of the contacts.

Apply a drop of epoxy over the precision drilled’
end of the contact to form a supportive bead
around the fiber.

Set the temperature controller to 95° +5/-0%%
and allow the epoxied contacts to cure for at
least 45 minutes. When cured, the epoxy will
change color from "straw" to orange/reddish-
orange.

After the epoxy has completely cured, switch the
temperature controller off, unclip the contacts,
remove the tape securing the fiber jackets to

the holding block, and release the strength member
tie-off toggle clamp. Remove the contact/cable
subassembly from the fixture.

NOTE: If the fixture is cool, a solvent (2~
propanol or isopropyl alcohol) can be
used to soften the tape's adhesive,
facilitating its removal from the fiber
jackets.

5.8 Preparation of the contact ends prior to grinding

l 5.8.1 Using the diamond scriber, scribe off any excess
fibers as close to the epoxy bead as possible.
CAUTION: Do not snap the fiber off as this could
induce cracks in the fiber core which
cannoct be polished out.
B
&
[SIZE | COOE IDENT NO.]ORAWING NO. p——
Al 13567 RT VI 213,751
5 SCALE PEVISION = |smear 2!
'o-ns 3T esa—aove %c-34
=




 ———

A Y )
SIITRT

~

' :
. - -
——— ’v?;N'SCUS

FIGURES .7 -1 Spoxy Meniscus Criteria,

Yy
COO0L (OENT NO.

LS

ORAWING NO.

13567

BT vy 213,751

REVISION &

[suenT

2z

- z“clv
[
!l!!
MURE
4 SCALS
. N 004 = 099
. 3

% C-35 -




JA——y

5.9 Preparation of lapping and polishing plates

5.9.1

5.9.2

5.10 Lapping
NOTE:

Using a single-edge razor blade, carefully peel
off any excess epoxy "*hich has cured on the out-
side diameter of the precision drilled contact
end.

CAUTION: Do not gouge the contact surface or
peel off the epoxy bead on the face of
the contact.

The lapping and polishing operations described
later are carried out using abrasive substances
(particles of significantly different size and
character). The lapping operation takes place
using a2 3000 grit diamond wheel. These abrasive
particles are very large in comparison to the
polishing compound and if transferred to the
pelishing surface can easily cause the destruc-
tion of a finely volished surface. "It is, there-
fore, important that the contacts and polishing
fixture be washed free of grit from the lapoing
operation before beginning the polishing overation.
A toothbrush or scrub brush can greatly speed the
cleaning operation.

If several fibers are to be worked at any one time,
it is best to perform all the lapping operations
at one time and conduct a complete cleaning of the
parts involved prior to beginning the polishing
operation. This technique not only increases the
overall speed of the operations but also decreases
the likelihcod of the contamination of the polish-
ing surface.

Clean the surfaces of the lapping and polishing
plates thoroughly using paper wipers and water.
Allow the plates to air dry.

the contact end faces

This process may be performed using either a single
channel or multi-channel polishing fixture. For
multifiber cables, it is preferred-that the multi-
channel fixture be used. If theisingle channel
fixture is used to polish multifiber cables, it is
helpful to harness the contacts not being polished
with masking tape. This harness should keep con-
tacts already polished, or awaiting polishing,

from being damaged.
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5.10.2
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5.10.3
|
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‘ 5.10.4
|
{
1
I
! 5.10.3

Mount the contazts in the grooves on the polish-
ing tool cradle. sSlide the retaining sleeve over
the nose of the cradle to hold the contact(s) in
place. Secure the strength member tie-off with
its holder to prevent fiber breakage (not requir-
ed if the single-~channel polishing fixture is
used). Insert the cradle assembly into the ad-
justable carrier and engage the carrier lock-in
pins by pushing the cradle into the tool and
rotating it 30% clockwise.

Turn the selection knob so the "G" is facing up-
ward toward the cradle top. This should make the
face of the outer stainless steel ring (on the
bottom of the tool) flush with the inner brass
face of the tool.

Wet the surface of the 3000 grit diamond wheel
with water. The diamond wheel must always be
kept wet and all traces of lapped-off material
washed off as required.

Place the tool face down on the diamond wheel and
move it in a figure-8 pattern over the wheel.
After a few revolutions on the wheel, unlatch the
carrier key and slowly rotate the carrier clock-
wise as the tool is rotated over the diamond wheel
Stop when the carrier key latches itself in the
indexing notch.

Thoroughly rinse the polishing tool with clean
water from a plastic squeeze bottle to remove all
traces of grit from the grooves in the face of
the tool. A wet scrub brush or toothbrush may

be used to aid in the cleaning process.

Visually examine the fiber/contact end faces.

The desired fiber end face appearance is a

uniform, matte-like surface, free of deep scratches
and pits, having no traces of epoxy on the face

of the contact end.
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5.11 Polishing the contact end face.

NOTE: The most important aspect <f the polishing opera- _
tion is cleanliness., A polishing surface contamin-
ated with dirt or grit can completely ruin a fiber
end face with one stroke of the polishing tool.
Careful storage of the polishing surface and care
to prevent the transfer of grit from the previous
lapping step is generally sufficient to prevent
contamination.

EXTREME CAUTION: Do NOT use any solvents to clean the
phenolic lap. Solvents will dissolve
the adhesive backing of the lap and
corrode the aluminum disc.

Immediately dry the phenolic lap with
paper wipers after use.

NOTE: This process may be performed using either of
two techniques. The technigue described in step
5.11.2 (Method II} is preferred.

5.11.1 Contact end face polishing - Method I

S.11.1.1 Apply four or five 1l/4" diameter spots.

Ry : of 1 micron diamond paste onto the
phenolic lap surface. Using the atomizer
or a plastic squeeze bottle, apply a
light film of lubricant solution (50%

tap water plus 50% water soluble lube)
over the lap surface. Using an empty
polishing tool with:the selection kmoo-on "P”,
work over® the ent::ze lap surface for :pproxunmly
one minute usmg ight: pressure.

CAUTION: If the polishing tool "dxrags”
over the lap, spray additional
lubricant solution onto the
lap. The lap surface should

| now have a uniform "sudsy"
film over it. 1If not, add ad-
ditional diamond paste and

. lubricant as required until

l the "sudsy" surface is achieved.

{

M PTIT T Ca50 o RO DR AN G NG, e e I

é] A ]3567 RT VI 213,751

i sCais REVISION s Tswier 2 e 1
80~ 008 wn 004 =~ 098 ' c_3r____.._—".$!» _—d——-

L ) e -t




- -

— e e, s

5.11.1.2

5.11.1.3

5.:1.1.4

Turn the selection knob on the loaded
polishing tool so the "P" is facing
upward toward the cradle top. This
should cause the inner brass face of
the tocl to protrude beyond the outer
stainless steel ring.

Carefully and gently place the loaded
polishing tool onto the lubricated lap
and revolve it in a circular pattern
around the lap.

CAUTION: Always keep the lap surface
covered with a uniform sudsy
£ilm - this is achieved by
adding small additional
amounts of lubricant and/or
diamond compound. Do NOT
over-wet the lap with Iubri-
cant to the point where the
surface is flooded and mirror-
like. 1Inspect the contact end
frequently using a 130X micro-
scope (rinse the loaded tool
in water first). The desired
fiber end face should be free
of cracks within the core (when
viewed both with and without
fiber illumination) or surface
scratches/pits in the core.
Refer to figure 5.1l-l.

NOTE: When trying to remove cracks
or pits in the fiber with
diamond lapping technigues,
NEVER polish lenger than 15
minutes. After this time,
the end must be cut off and
reterminated.

Once a good fiber end face 'is achieved,
reverse the carrier one . revolution to

its original position. “Then, push the
cradle assembly forward and rotate it
counterclockwise so it disengages from
the carrier. Slide the retaining sleeve

off of the cradle, and release the strangth

member tie-off from its holder.
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5.11.1.5

5.11.1.6

5.11.1.7

5.11.1.8

Clean the polished contact(s) by agitat-
ing them in a bath of 1 part by volume
Aguasol #1l concentrate and 8 parts by
volume water. This will remove the
diamond compound.

Rinse the polished contacts by agitating
them in a bath of deionized water, and
then in a bath of solvent (isopropyl
alcohol or 2-propanol). Allow them to

air dry. o

The fiber end faces should again be
visually inspected for cracks, scratches
and pits (with and without fiber illumi-
nation) using a 150X microscope. Refer
to figure 5.11-1l.

Repolish and inspect any defective con-
tacts per paragraph 5.1l1.

Thoroughly wash the polishing tool in
two consecutive clean water baths or
runniag tap water to remove all traces
of grit and polishing compound f£rom the
grooves in the face of the tool. A wet
scrub brush or togthbrush may be used to
aid in the cleaning process.

Next, rinse the tool briefly in a solvent
bath (isopropyl alcochol or 2-propanol)
and allow it to air dry.

Contact end face polishing - Method II (Preferred)

5.11.2
5.11.2.1 Wet the surface of the phenolic lap
thoroughly with water. Place one .3
micron alumina polyester backed polish-
ing disc, shiny surface down, over the
phenolic lap. Center the dise¢ on the
lap and work out any entrapped air bubbles
between the disc and the lap.
[SIZE | CODE IDENT NO.|ORAWING NO.
Al 13567 RT V3 213,751
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5.11.2.2

5.11.2.3

5.11.2.4

5.11.2.5

S.11.2.6

-Turn the selection knob on the loaded

polishing tool so the "P" is facing
upward toward the cradle top. This
should cause the inner brass face of
the tool to protrude beyond the outer
stainless steel ring.

Thoroughly wet the polishing disc sur-~
face with water. Carefully and gently
place the loaded polishing tool onto
the wet polishing disc and revolve it
in a circular pattern around the lap.

CAUTION: Always keep the surface of
the polishing disc wet with
water, occasionally wiping it
clean with a paper wiper to
remove any loose particles of
epoxy, etc. Thoroughly £flush
the face of the polishing tool
with water from a plastic
squeeze bottle to remove any
traces of grit from the contac:
end face and the tool. Visual~
ly examine the precision drill-
ed metal end face of the con-
tact for a highly polished sur-
face. 1f the metal is highly
polished, oroceed to step
5.11.2.4. 1If not, continue
the polishing operation.

Once a polished surface is achieved,
reverse the carrier one revolution to
its original position. The, push the
cradle assembly forward and rotate it
counterclockwise so it disengages from
the carrier. Slide the retaining sleeve
off of the cradle, and release the
strength member tie-ofZ from its holder.

Rinse the polished contacts by agitat-.
ing them in a bath of water, and theh .
in a bath of solvent (isopropyl alcohol
or 2-propancl). Carefully dry them
with a paper wiper.

The fiber end faces should again be
visually inspected for cracks, scratches
and pits (with and without £iber illumin-
a tion) using a 150x microscope. Refer

1ZE | CODE IDENT NO.]ORAWING NO.
A ]3567 2T YJ 213,751
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5.11.2.6 (Cont.)
to figure 5.11-1,

5.11.2.7 Repolish and inspect any defective con-
tacts per paragraph 5.11l.

5.11.2.8 If the cable assembly will be stored
for a few days prior to £inal assembly,
the polished contact ends should be
protected by lightly folding a piece
of masking tape over the end of the
contact.

Final assembly

ul

Using a 3/32" Allen wrench, remove the cap from
the transfer load bracket by removing the tweo
screws. Install the strain relief assembly in the
transfer load bracket so the flat of its jam nut
rests against the bracket recess. Replace the cap
and tighten the Allen screws.

NOTE: EZnsure that the spacer washer is seated
around the insert.

Using a 5/64" Allen wrench, loosen the set screw
holding the transfer load brackst to the retainiag
shaft of the insert. Carefully slide the transfer
load bracket off of the retaining shafet.

If the contact ends have been taped, flush the
tape thoroughly with solvent (isopropvl alochol
or 2-propancl) to soften the tape's adhesive.

Carefully remove the masking tape frocm the contacts.
Rinse the contacts by agitating them in a bath of
solvent (isopropyl alcohol or 2-propanol} to remove
any residues from the tape. Carefully dry the
contacts with a paper wiper.

Using the contact insertion tool, insert. the con-
tacts into their respective cavities .in the -
insert (refer to the cable assembly drawing_ for
fiber color/connector channel number correlation).
Make sure the contacts are fully lccked into their
cavitiesa. -

A 13567 RT VJ 213,751
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5.12.4

.12.5

ul

.12.7

.
w

.12.8

w

QW LL LI1edE

(Cont.)

NOTE: Properly installed contacts should have
a small amount of axial play.

If the wrong contact has been inserted into a
cavity, insert the tubular end of the contact re-
moval tool into the front of the cavity over the
end of the contact until a "snap"” is felt and the
tool cannot be inserted further. Depress the
center plunger of the removal tocol until the con-
tact is pushed out the rear of the cavity. Remove
the tool from the cavity.

Slide the insert assembly into the back of the
bulkhead shell so the locating pin in the shell
latches in keyway of the insert assembly.

Slide the connector housing over the insert as-
sembly and tighten it into the connector shell.

CAUTION: Do NOT permit the fibers to bend in a
radius less than 1" as fiber fractures
may occur.

Once the connector has been assembled, blow the
dust off the contacts by spraying them gently
with "canned air."

CAUTION: Do NOT hold the nozzle of the canned
air closer than 1/2" from the contacts.
UNDER NO CIRCUMSTANCES SHOULD the con-
tainer of canned air be used in an in-
verted position!

Install alignment sleeves onto the socket contacts
as follows:

Place one alignment sleeve, split ring spacer end
first, onto the "insert" end of the sleeve in-
sertion tool. Press the alignment sleeve onto the
socket contact as far as it will go, and. remove.
the tool. 1If necessary, alignment sleeves can be- .
removed by pressing the "REMOVE™ énd of the-sleeve
installation tool firmly into the alignment sleeve
and then pull the tool away from the contact.

The sleeve can now be remcved from the tool.
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.12.9 Visually examine each installed alignment sleeve
to ensure that its split ring spacer washer is
present.

5.12.10 Remove the mounting jam nut from the connector
shell. Place the dust cover tether washer over
the shell threads so the tab angles toward the
face of the connector and secure in place with the
mounting jam nut.

5.12.11 Screw the dust cover over the end of the connector
shell (if applicable).

5.12.12 Slide the piece of shrink tubing over the knurled
portion of the inner sleeve as far as it will go.

5.12.13 Using the heat gun, shrink the tubing over the outer
cable jacket and knurled portion of the inner
sleeve.

CAUTION: Keep the heat gun at least 3" away frcm
the cable jacket so the cable is not
damaged by excessive heat.

5.13 Post-Test Assembly

NOTE: The following operations are to be performed on the 4
cable assembly AFTER it has been optically tested
and approved.

5.13.1 Slide the cable markers (if any) into position as
shown in the cable assembly drawing. The lettering
on the markers should line up within 45~ rotation.

5.13.2 Using the heat gun, shrink the cable markers over
the ocuter cable jacket.

CAUTION: Keep the heat gun at least 3" away from
the cable jacket so the cabkle is not
damaged by excessive heat.

$.13.3 Using a razor blade, cut the cable assembly at or
near its midpoint - this will yield two plgtalled
bulkhead receptacles.

ACCEPT/REJECT CRITERIA: RS
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the cable assembly drawing.

initiated.

cable length is available.

7.0 DELIVERY OR STCRAGE:

next operation or shipment.

6.1 Optical loss testing will be performed as described in

The optical loss for each

channel will meet the limits specified or DMR will be

6.2 Rejected material may be reworked as required if sufficient

| 7.1 Coil the connectorized cable and its work order/flow tag
in a polyethylene bag or cardboard box and store until the

4
J
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|
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